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ABSTRACT
Food production in Bangladesh has always been less than what is needed 
for domestic consumption. To meet the food deficit every year it has to import 
food grain from outside. Irrigation can play a major role in the production 
of food grain in Bangladesh and can help to alleviate the situation. The 
pressure of population and the need for additional food supplies are necessi­
tating the spread of irrigation throughout the country. Most of the surface 
water now available for exploitation is already being used. There is great 
scope to increase the irrigated area in winter (dry months) by exploiting 
underground water using tubevjells (deep or shallow) in Bangladesh.
In this study financial analysis and linear programming techniques are 
applied to investigate the impact of shallow tubewell irrigation at micro 
level on cropping pattern, farm income, economics of enterprise combination 
and resource allocation. The results of the criteria used for financial 
analysis have been found to be encouraging. The analysis gives positive 
net present values and high financial rate of return as a result of shifts 
in the cropping pattern towards the high yielding varieties of rice and as 
a result of low cost of investment for each tubewell. Sensitivity analysis 
even at 10 per cent increase in all costs, other things remaining the same, 
also indicates the soundness of the project.
Linear programming technique is employed to determine for resource 
allocation purposes the optimum farm plan (i.e. that plan yielding the 
highest total gross margin) with and without irrigation. The analysis 
suggests that although the total gross margin with optimal allocation of 
resources without irrigation increases considerably compared to original 
plan, with shallow tubewell irrigation in the optimum plan total gross 
margin is increased further. Farm income, with irrigation, increases mainly
(V)
as a result of increased cropping intensity and introduction of high 
yielding rice crops which are found to be more profitable under the 
existing resources and constraints compared to the local varieties.
With irrigation, optimal allocation of the resources increases the 
labour absorption capacity of the farm considerably. This indicates 
that underempoyment and unemployment prevailing in the study area can 
be reduced with tubewell irrigation. Parametric programming relaxing 
the production credit with irrigation implies that if more credit is 
made available to the tubewell farmers, it would further increase the 
total gross margin. With maximum absorption of production credit, total 
labour requirement will also increase which will further alleviate the 
underemployment problem.
The major policy implication of the results of the study is that the 
potential to increase the total gross margin exists in the tubewell 
farms with optimal resource allocation. Considerable increase in food 
grain production is also feasible with irrigation. To enable the farmers 
to implement the optimum farm plans and to achieve the full benefits of 
irrigation, agricultural extension and research activities should be 
carried out in this respect with co-ordinated effort.
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CHAPTER 1
INTRODUCTION
1.1 Place of Agriculture in the Bangladesh Economy:
Bangladesh is predominantly an agricultural area. Agriculture's 
contribution to GDP is more than 55 per cent of which about 40 per cent 
is derived from the major crops and 28 per cent from rice alone. About 
90 per cent of the total population of Bangladesh live in rural areas 
and are sustained mainly by agricultural activities (GOPRB, 1973, p. 83).
It is estimated that the population of Bangladesh in March 1974 was
76.2 millions with an annual growth rate of about 3 per cent (GOPRB, 1975, 
notes p. 9 and GOPRB, 1973, p. 91). Agriculture absorbs more than
75 per cent of the labour force (Khan, 1972, p. 38). Because of the 
high rate of population growth, and limited non-agricultural employment 
opportunities, the dependence of the bulk of population on agriculture 
is likely to continue for years to come. This is particularly true in the 
light of the low employment/capital ratio in the non-agricultural sector 
(GOPRB, 1973, p. 83). Agriculture is also the largest source of foreign 
exchange earnings in Bangladesh. During the period from 1960-61 to 
1965-66 export of jute alone accounted for an average of about 84 per cent 
(Ahmed, p. 3). During 1975-76 Jute contributed about 82 per cent of the 
total foreign exchange earnings (GOPRB, 1976). An increase in the rate of 
growth of agriculture is of prime importance for the economic development 
of Bangladesh. Agriculture in Bangladesh will continue as the largest 
sector and play a dominant role for a long period in the economy of 
Bangladesh (USAID, 1968, p. 4).
1.2 Background and setting up of the problem.
1.2.1 Main Features
Bangladesh consists of about 35.5 million acres of land area of which 
the cultivable area is only 22.5 million acres (Alamgir, 1975). The total 
cropped area of Bangladesh was about 31.5 million acres, cropping intensity 
being 147% in 1970-71 (GOPRB, 1974, p. 47). A picture of cropping pattern
1 Cropping intensity refers to the ratio between gross cropped area and 
the actual cultivated area (net cropped area). It is usually expressed
as percentage.
26f Bangladesh is shown in Appendix A. Rice accounts for about 78 per cent 
of the total cropped area. The second important crop is jute occupying 
about 7 per cent of the cropped area. The rest, 15 per cent of the 
cropped area is under other crops such as pulses, oil-seeds, vegetables, 
potato, spices etc.
Per capita land resources (cultivable area) stand at about 0.3 acres. 
There is very little scope for further extension of its cultivable land area 
and the only approach to increase farm production in Bangladesh lies in 
the more intensive use of the available land resources, Agricultural 
productivity, especially of rice, in Bangladesh ranks low compared with 
other developing countries in Asia and Africa. Table 1.1 shows the yield 
per hectare of some major crops in Asian countries. The yield rates of 
almost all major crops are lower in Bangladesh than the average of Asia.
TABLE 1.1
YIELD RATES OF SOME MAJOR CROPS IN SELECTED ASIAN COUNTRIES
IN 1975 
(Kg/Hectare)
Country Rice Potato SugarCane Tobacco Jute
Av. for Asia 2456 10554 50259 1017 1515
Afghanistan 2143 4600 37857 - -
Bangladesh 1825 10149 38523 890 1551
Burma 1827 5130 29565 1169 372
China 3235 10409 70539 1387 3320
India 1826 10389 50590 965 1369
Indonesia 2686 3787 79478 467 **
Japan 618,5 21429 67059 2678 1500
Nepal 2082 5511 15152 900 1053
Pakistan 2271 10455 31563 1383 1000
Philippines 1760 6375 47705 785 —
Sth. Vietnam 2492 10500 37605 958 1000
Sri Lanka 1933 8406 50000 711 — —
Thailand 1771 8583 47530 480 1286
Source: FAO Production Year Book. Vol. 29, 1975.
In most farms primitive technologies are still used, New technology, 
i.e. use of improved seed, fertilizer and irrigation water, has not had 
any significant impact on Bangladesh agriculture. Output of food 
production in Bangladesh has always been less than what is needed for 
domestic consumption. To meet its food deficit every year it has to import 
food grains from outside. Annual average import of food grains was about 
0.85 million tons during the period 1960-65. This went up to about 1.1 million
3tons during 1966-70 (GOPRB, 1973). The government has committed itself 
to an all out effort to increase the production of rfce in the five 
year plan. Among the necessary steps included in the plan to increase 
rice production, programmes of high yielding varieties, fertilizer, 
irrigation, plant protection, agricultural credit and extension and price 
support are worth mentioning (GOPRB, 1973, pp.129-73), The estimated 
annual population and foodgrain requirement from 1973-74 to 1976-77 is 
given in Table 1.2.
TABLE 1.2
ESTIMATED ANNUAL REQUIREMENT AND PRODUCTION OF FOOD GRAIN
Year
Population 
in million
Foodgrain 
Consumption 
requirement 
(in million 
tons)
Gross
Production 
of food- 
grains (in 
mill, tons)
Foodgrain 
available for 
consumption 
(in million 
tons)*
Deficit 
(in million 
tons)
1973-74 76.2 12.04 12,05 10.84 1,2
1974-75 78.5 12.39 13.22 11,90 0.49
1975-76 80.9 12.75 13,79 12.41 0,34
1976-77 83.1 13.11 14,41 12.97 0,14
*After deducting 10 per cent from the gross production for seed, feed and 
wastage.
Source: The First Five Year Plan, Government of the People’s Republic
of Bangladesh, Planning Commission, 1973, p,91.
One of the major problems in rural areas of Bangladesh is the lack 
of sufficient capital for improvement of farm production. In order to 
alleviate the financial constraint credit plays a vital role. Capital 
is a very scarce resource in a country like Bangladesh, The credit 
programme should be such that the proper allocation of this scarce 
resource is carried out in order to increase the volume of output more 
than the increases in input costs, leaving farmers in aggregate with a 
net gain. Some writers have felt that in many cases income transfers to 
the rural poor through a credit programme represented a serious misa1 location
4o f  s c a r c e  c a p i t a l  and,  f u r t h e r ,  d id  no th in g  but  p e r p e t u a t e  p o v e r ty  in  
r u r a l  a r e a s  ( T in n e rm e ie r , 1973).  The p r o d u c t i v e  use o f  p ro d u c t i o n  in p u t s  
o f t e n  r e q u i r e s  e d u c a t io n  which i s  p o s s i b l e  th rough e f f e c t i v e  a g r i c u l t u r e  
e x t e n s i o n  and t r a i n i n g  system. The more complex th e  techno logy  or  th e  
lower th e  p r o f i t  marg in,  t h e  more im p e ra t iv e  t e c h n i c a l  a s s i s t a n c e  becomes. 
C r e d i t  no t  a d e q u a te l y  t i e d  to  t e c h n i c a l  a s s i s t a n c e  under t h e s e  c o n d i t i o n s  
i s  o f t e n  more o f  a c u r s e  than  a b l e s s i n g  (T innerm eie r ,  1973).  To expand 
p r o d u c t i o n ,  c r e d i t  (borrowed funds )  must be spend by fa rm ers  on in p u t s  
l i k e  f e r t i l i z e r ,  improved s e e d s ,  p e s t i c i d e s ,  labour  and i r r i g a t i o n  w a te r .  
I t  i s  on ly  th rough  an i n c r e a s e  in  farm income t h a t  a farmer can repay  h i s  
loan .  To adopt  new te chno logy  more c a p i t a l  i n p u t s  a r e  u s u a l l y  needed by 
f a rm e rs .  Rapid t e c h n o l o g i c a l  expans ion  may be p o s s i b l e  i f  c r e d i t  i s  
l i n k e d  to  i r r i g a t i o n  w ate r  and p r o d u c t i o n  i n p u t s .
1 . 2 .2  Importance  o f  I r r i g a t i o n  in Bangladesh
I r r i g a t i o n  has been p r a c t i s e d  by mankind from p r e - h i s t o r i c  days .  
C i v i l i s a t i o n  has e x i s t e d  and now e x i s t s  in  many p a r t s  o f  t h e  world 
p r i m a r i l y  because  o f  t h e  te c h n iq u e  o f  i r r i g a t i o n  (Farouk,  1968).  G u lh a t i  
says  " i r r i g a t i o n  in  many c o u n t r i e s  i s  an o ld  a r t  as  o ld  as c i v i l i s a t i o n -  
but  f o r  t h e  whole world i t  i s  a modern s c i e n c e  - t h e  s c i e n c e  o f  s u r v i v a l "  
( I s r a e l s e n ,  1962, p.  3 ) .  The p r e s s u r e  o f  s u r v i v a l  and t h e  need fo r  
a d d i t i o n a l  food s u p p l i e s  a r e  n e c e s s i t a t i n g  a r a p i d  expansion  o f  i r r i g a t i o n  
th roughou t  th e  world.  Growth f i g u r e s  o f  i r r i g a t e d  a r e a  o f  some o f  the  
Asian c o u n t r i e s  a r e  g iven  in  Table  1 .3 .
I r r i g a t i o n  in  Bangladesh can p l a y  a major  r o l e  in  t h e  p ro d u c t io n  o f  
r i c e ^  which i s  th e  major fo o d g ra in  crop acc o u n t in g  f o r  about  85 p e r  cen t  
o f  t h e  v a lu e  o f  a l l  c ro p s ,  and i s  grown on a t o t a l  a r e a  o f  25 m i l l i o n  
a c r e s  a n n u a l ly  (GOPRB, 1974).  Every yea r  f lo o d  damages c rops  over 
c o n s i d e r a b l e  a r e a s  d u r in g  t h e  monsoon season  when major c rops  - Aus, Aman 
and j u t e  a r e  grown. According to  survey  d a t a  o f  UNDP/FAO, 27 pe r  ce n t  o f  
t h e  c u l t i v a t e d  a r e a  a r e  f looded  up to  1 f o o t ,  40% between 1 to  3 f e e t ,  18% 
between 3 to  6 f e e t  and 15% above 6 f e e t  (Alamgir,  1975, p.  264). Aus and 
Aman a l s o  s u f f e r  from o c c a s i o n a l  d ro u g h t s  d u r in g  t h e  monsoon. The sowing 
o f  Aus i s  dependent  on pre-monsoon shower in  M arch-A pr i l .  Sometimes
1 Three types  o f  r i c e  - Aus, Aman and Boro a r e  grown in  Bangladesh.
5TABLE 1.3
GROWTH OF AREA UNDER IRRIGATION IN 
SOME OF THE ASIAN COUNTRIES 
(1000 Hac)
Year/
Country 1961-65 1966 1967 1968 1969 1970
Afghanistan 2208 2260 2280 2300 2320 2340
Bangladesh 501 620 686 946 1058 1058
Burma 681 773 781 816 818 839
India 25523 26660 26900 27190 29010 30420
Korean
Republic 682 731 753 759 993 1000
Pakistan 11257 12200 12300 12400 12549 12958
Philippines 896 960 1000 1050 1100 1150
Sri Lanka 361 398 398 413 ' 403 465
Thailand 1729 1768 1791 1795 1830 1960
Source: Production Year Book, F.A.O., Vol. 29, 1975.
because of lack of pre-monsoon rainfall this crop is sown in late and is 
subject to damage by flood during harvesting in June. Again owing to 
variation in rainfall during the growing season this crop suffers from 
more uncertainties than the Aman crop. Normal monthly rainfall data 
in Bangladesh is shown in Appendix C. Supplementary irrigation in Aus 
can enable farmers to sow it earlier and escape the damage from drought 
as well as flood. Transplanted HYV Aus can also be grown if irrigation 
facilities are available. Transplanted Aman which is the largest rice 
crop of Bangladesh is sown in monsoon but harvested in early winter 
(December) and is grown in areas where depth of flooding varies from 
less than 1 foot to 3 feet (Rahman, 1975, p.4). The scarcity of moisture 
in soil occurs at the time of flowering stage (October) of this crop.
This crop is generally damaged by drought during this period. The 
Aman crop also suffers from delayed transplanting because of late harvesting 
of Aus crop or because of lack of sufficient rainfall, Irrigation can 
help increase the acreage of transplanted Aman rice by providing 
supplementary irrigation at the time of transplanting if there is 
insufficient rainfall but more particularly at the time of flowering and 
maturity of the plants, and obtain high yields. HYV rice specially 
IR-20 variety is also grown in Aman season. This variety (first introduced
6in 1970) gives very good yield if supplementary irrigation is provided, 
During 1972-73 about 1,38 million acres were planted with HYV rice 
during the Aman season (Table 1.4), It is estimated that HYV
Aman can be successfully grown on about 4 million acres which are subject 
to less than one foot of flooding during July/August jf some kind
of supplementary irrigation facilities are available (Rahman, 1975),
Irrigation can help to grow an extra crop in lands in winter 
(dry season) where no crop is grown. Boro is grown in winter in areas 
where irrigation facilities are available. This crop has emerged as the 
most reliable and high yielding rice crop in Bangladesh, The Boro 
acreage has increased from about 1,05 million acres in 1964-65 to 
2.4 million acres in 1972-73. Introduction of HYV rice specially IR-8 
in 1967 has brought about a significant improvement in the yield of 
this crop in irrigated areas. In 1972-73 HYV acreage accounted for 
about 2.6 million acres which was about 11 per cent of the gross cropped 
area under rice. In the same year HYV rice accounted for about 25 per cent 
of the total rice production in the country (GOPRB, 1974), The trend 
of HYV rice acreage from 1968-69 to 1972-73 is shown in Table 1.4. The 
irrigated Boro rice (local and HYV grown in dry season) alone in 1964-65 
constituted 5.5 per cent of all rice produced but in 1972-73 it constituted 
20.9 per cent of all rice produced using only 10.2 per cent of all rice 
acreage. In 1973-74 the Boro percentage of all rice acreage increased 
to 10.7 per cent (Appendix B), Minor crops like potato, vegetables, 
pulses etc. are also grown in winter. During the winter season vast 
areas remain fallow because of lack of irrigation water. In 1972-73 only 
about 1.4 million acres or less than 5 per cent of the gross cropped area 
had been brought under mechanised irrigation by pumps and tubewells.^
Another about 1 million acres is irrigated by traditional methods. These 
mannual methods become unsuitable for using surface water if the water level 
is not within 2 to 3 feet of the discharge point, Mannual method is also 
not suitable to control the water use consistant with the irrigation 
requirements of the crops. Furthermore, the capacity to lift water through 
the traditional method is very low.
7TABLE 1,4
ACREAGE OF HYV RICE - TREND FROM 1968-69 TO 1972^73
(1000 acres)
Year HYV
Aus
HYV
Aman
HYV
Boro
Total 
HYV Rice
Total 
Rice 
(Local $ 
HYV)
1968-69 16.5 5.0 359.7 381,2 24073.3
1969-70 42.9 29.2 579,5 651.6 25485,2
1970^71 79.9 199.8 857.2 1136.9 24494.6
1971-72 120.6 625.6 795.4 1541,6 22974.7
1972-73 163.7 1378.6 1087.9 2630.2 23794,8
Source: Bangladesh Agriculture in Statistics, Govt, of the Peoples
Republic of Bangladesh, Ministry of Agriculture, 1974,
It is estimated that about two thirds of the cultivated land which 
fall within medium and high lands are suitable for irrigation development 
(Alamgir, 1975 p.264). Bangladesh has great potential to increase its 
agricultural production by growing crops during the winter season through 
developing irrigation facilities (Islam, 1967), Irrigation is the 
critical input for the success and wide spread of HYV which helps to 
introduce other factors such as improved seed, fertilizer, farm credit etc. 
To ensure the success of irrigated agriculture in Bangladesh the sufficient 
and timely supply of inputs, adequate extension services, and adequate 
and timely supply of credit along with irrigation facilities are needed.
1.2.3 Need for Small Scale Irrigation,
In order to improve the position of the farmer it is necessary to 
take some measure to strengthen his agricultural base within the limit 
of his land resources. Land improvement through irrigation is considered 
to be an important measure under the existing farming condition of 
Bangladesh (Ahmed, 1972), A farmer with irrigation may convert his farm 
from dry agriculture into irrigated agriculture, grow additional rice crop 
in winter and make the farm viable through intensive cultivation. The
8existing system of small scale irrigation which can help small farmers 
in this respect includes the use of the low lift power pump, the deep 
tubewell, and the shallow tubewell. Surface water through the power 
pump and underground water through the deep and shallow tubewells are 
used tor irrigation. In some areas low capacity manually operated 
traditional methods of irrigation are also in practice. Surface water 
irrigation is limited only to the areas adjacent to rivers and canals. Most of 
the surface water now available for exploitation is already being used 
(Rahman 1975). The vast area of Bangladesh which remains fallow during 
winter (dry months - November to March) because of lack of surface water 
can be brought under irrigation through the use of underground water,
Tubewells alone accounted for only 3.5 per cent of the total irrigated 
aiea under pumps and tubewells in 1973. The number of power pumps 
and tubewells with area covered in 1973, 1974 and their projection for 
1978 are given in the Table 1.5.
There is great scope to increase the irrigated area in winter by 
exploiting underground water in Bangladesh. The use of underground water 
for irrigation through deep tubewells is a costly procedure. One deep 
tubewell which can irrigate up to 60 acres in the dry season costs 
about Tk.105,000 which even a large farmer can not afford,^ Furthermore 
the construction of a deep tubewell requires sophisticated equipment, 
skilled labour and other costs most of which is in foreign exchange,
A shallow tubewell which costs only about Tk, 14,000 can irrigate 5 acres 
of HYV rice during winter, i.e. the rabi season (October - March) and 
can also provide supplementary irrigation to Aus and Aman over about 
10 acres during the Kharif season (April to September) (Rahman, 1975 p,35), 
Farmers having land of about 4 acres or more may have a shallow tubewell on 
loan from the Bangladesh Krishi (Agriculture) Bank (BKB) or on a hire 
purchase basis from the Bangladesh Agricultural Development Corporation (BADC)
The Low Lift pumps and Deep Tubewells are mainly managed by the Bangladesh 
Agricultural Development Corporation. They are subsidized by the Government 
and nominal rent is charged from the group of farmers commonly known as power 
pump group or deep tubewell group. Necessary operating expenses (such as 
fuel oil, lubricant etc.) are born by the group.
Taka (TK.) is the Bangladesh currency.
US$1 = TK. 15.00
9TABLE 1.5
NUMBER OF POWER PUMPS, DEEP TUBEWELLS AND SHALLOW TUBEWELLS WITH AREA
IRRIGATED
Low Lift Power 
Pumps Fielded
Deep Tubewells 
Commissioned
Shallow Tubewells 
Commissioned
Year No.
Area 
in acres No,
Area 
in acres No.
Area 
in acres
1972-731 32,924 1,230,468 1,424
(2,204)
35,424 933*
(2,601)
9,330
1973-742 35,348 1,310,600 1,822
(3,982)
61,816 2,507
(2,952)
Not
available
1977-783 45,000 2,250,000 19,000 1,144,000 15,000 225,000
Figures in parentheses are the total number of tubewells sunk.
* The figure is of Bangladesh Agricultural Development Corporation's 
(BADC) own programme. Besides this Bangladesh Krishi Bank up to June 
1973 installed 1,384 shallow tubewells.
■'"Bangladesh Agriculture in Statistics, Government of the 
People's Republic of Bangladesh 1974, p.59.
2M. Rahman, Feasibility Report on the Shallow Tubewells project 
in the North-west and Prospects of Power Pump Irrigation in 
Bangladesh, BADC, Dacca 1975.
3The First Five Year Plan (GOPRB, 1973, p. 153').
Farmers having land of less than 4 acres can also borrow a shallow 
tubewell from the Agriculture Bank on a group basis, i,et two or more 
farmers can group together and borrow a shallow tubewell under a joint 
plan. In many parts of Bangladesh acquifer conditions and the water 
table during the dry months are such that shallow tubewells are quite 
feasible (Rahman,1975, p.20). Shallow tubewells can be constructed very 
rapidly as their construction does not require any mechanised equipment
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and requires only comparatively unskilled labour. Although shallow 
tubewells are the recent introduction to small scale irrigation,acreage 
under their irrigation is gradually increasing. In the first five 
year plan due importance has been given to install more shallow 
tubewells in order to increase the irrigated area, on the ground that 
these tubewells (usually having a depth of about 100 feet) involve 
low cost and shorter time and will employ local skill and materials 
(GOPRB, 1973, p.144). Shallow tubewells can also be sited in lands 
where the construction of deep tubewells would be impossible because 
of construction and maintenance difficulties,
In view of the limitation of time, resources and data this study 
deals only with the economics of shallow tubewells financed by the 
Bangladesh Agriculture Bank in Boagra district (northern area) of 
Bangladesh and its scope in augmenting farm production, Although 
irrigation agriculture is a highly productive kind of farming, it is 
also expensive. To make irrigation agriculture successful, improved 
technology must be used in it with maximum efficiency. As the adoption 
of improved technology with irrigation requires a larger working 
capital farmers will have to be supplied with adequate production credit 
along-with a loan for the shallow tubewell. Irrigation water may act 
as a critical input helping the introduction of other factors such as 
better seed, fertilizer use, improved method of cultivation etc which 
may have a combined greater effect on the yield of crops and cropping 
pattern intensity,
1.3 Objectives of the Study:
This study deals particularly with some aspects of financing 
farmers for irrigated agriculture and examines the benefits and costs 
of the shallow tubewell irrigation and investigates its further scope 
to increase profitability with the allocation of available resources of 
land, labour, water and capital. The specific objectives of this study 
are as follows;
(1) To investigate the impact of shallow tubewell irrigation on 
the cropping pattern and farm income and to identify the extent of support 
(financial and technical) required by irrigated farms.
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(2) To analyse the economics of shallow tubewell irrigation at 
farm level.
(3) To determine for resource allocation purposes the optimum farm 
plan (i.e. that plan yielding the highest total gross margin) with and 
without irrigation.
1.4 Methodology.
1.4.1 Methods of Analysis.
The methods of analysis employed in this study are presented in 
this section. In order to evaluate the performance of the shallow tubewell 
the benefit-cost analysis approach is used in this study. After financial 
analysis of three different representative shallow tubewell irrigated 
farms this study uses linear programming to derive optimum farm plans 
with optimal allocation of resources.
1. Benefit cost analysis:
This model is used in the present study to measure the direct benefit 
and cost streams of activities through time of a farming system with 
shallow tubewell irrigation. Benefits and costs without shallow tubewell 
irrigation are also measured. The differences between these two systems 
are attributed to irrigation. In this type of analysis two methods - 
financial and economic - can be used. In financial analysis the feasibility 
of the project from the point of view of the farmer, the project 
organisation and financing agency are taken into consideration, It is 
mostly restricted to direct primary benefits and costs attributable to 
an investment. The analysis consists of an examination of the returns 
and costs and cash flow of the farmer as well as the adequacy of the rate 
of return. The farm is the 'cutting edge* of the project, If the rate 
of return from financial analysis does not provide a sufficiently high 
incentive for him to carry out all activities of the farm that are 
expected of him, then the project is likely to fail. Gittinger says, 
"financial analysis is important when we turn to a consideration of the 
incentive structure associated with a proposed project investment. It will 
do us no good to have a project which is profitable from the standpoint 
of the whole economy if individual farmers are unable to earn a living 
from their participation" (1972, p.7). Adequate loan repayment capacity 
will be ensured if a favourable level of cash flow accrues to the farmer 
from the project. Favourable cash flow, rates of return and benefit cost 
ratio are considered to be an important aspect in appraising or 
evaluating the financial viability of a development project.
12
In economic analysis we consider the return to society as a whole.
In economic evaluation of a project particular attention is paid to the 
priority of the project in the economy as well as in the sector where 
it belongs. Economic analysis differs from financial analysis in that 
it does not distinguish one who receives the net benefit. There are 
also differences in the measurements of costs and benefits, the price 
of labour, foreign exchange and output. Prices used in economic 
analysis are usually shadow prices while in financial analysis they are 
market prices.'*'
The present study is concerned only with the financial analysis of 
shallow tubewell irrigation. It will be looked at from the farmer's point 
of view, investigating how much cash can be generated in a farm by 
investment of shallow tubewell and whether it will be of any incentive to 
the farmer. An investigation will also be made of whether the magnitude 
of the cash flow of an investment made through borrowing will be self 
liquidating or not. Future projections in the analysis are made on the 
basis of the results (changes in cropping pattern, farm cost, farm 
income etc) found in the 3 different size groups of farms after using 
tubewell water. Pre-irregation data are used to find out the net benefit 
accruing to the farms without the shallow tubewell.
2. Programming Techniques:
After benefit-cost analysis the linear programming technique is 
applied to 3 different size groups of farms in order to see the optimum 
solutions with optimal allocation of the resources. A comparison is 
also made of optimum solution of the farm without shallow tubewell with 
the optimum solution of the farm with tubewell irrigation. Parametric 
programming is also used relaxing the borrowing constraint with irrigation 
and cash constraint without irrigation to derive the changes in the optimum 
solution.
Chapters 4 and 5 will examine in some detail the linear programming 
technique together with the results obtained.
1 For more detailed discussion see J.P. Gittinger, "Economic Analysis 
of Agricultural Projects", EDI/IBRD, 1972.
13
1.4.2 The Data
The major data used in the study were received from Bangladesh 
Agriculture Bank through special request made to the Bank by the author 
and the convenor of the MADE programme, The data were concerned with 
the evaluation of shallow tubewell irrigation in Bogra district of 
Bangladesh for the year 1974-75, Three farm sizes, i,e, small, medium and 
large representing three size groups, namely: (i) up to 6 acres, (ii) 6 to 
12 acres and (iii) above 12 acres respectively were selected among 102 
owner operated shallow tubewell farms surveyed by the Bank, Average 
farm sizes in small, medium and large groups are 5, 8,8 and 14.3 acres 
respectively. As no detailed individual farm data were available there 
was no alternative but to use the three farm size input-output data for 
the purpose of the study. The data are related both to the pre-irrigation 
and post irrigation period. For financial analysis of the STW farm 
these data meet the necessary requirements. While forming the. . input- 
output matrix for linear programming techniques additional information 
was also required. For the additional information other survey reports 
relevant to the study area and similar situation were consulted.'*'
Although the author has had no opportunity to collect data from the field 
for this study because of lack of finance and limitation of time, his 
wide practical experience of the rural area of Bangladesh has been found 
to be very useful for the present study. The author was also associated with 
a group of consultants of Asian Development Bank in 1975 and visited various 
places in Bangladesh including the study area (Bogra) in order to 
collect information in connection with the shallow tubewell programme for 
irrigation in Bangladesh,
*(1) Government of Bangladesh, Ministry of Agriculture, Agro-Economic 
Research Section, Farm Management Survey Report on Bogra Project, 1974,
(2) Bangladesh Bank, Agricultural Credit Department, Area Development 
Project (Azgana - Tarafpur), 1975,
(3) Govt, of Bangladesh, Ministry of Agriculture, Bangladesh Agriculture 
in Statistics, 1974,
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1.5 Organisation of the Study
This study consists of 6 chpaters. Chapter 1 includes the 
background, setting of the problem, methodology and the data. Some 
additional features of Bangladesh agriculture and study area are 
presented briefly in chapter 2. Underground water resources and 
shallow tubewell programme in Bangladesh are also discussed in this 
chapter. Chapter 3 presents the brief review of literature and the 
results of the financial analysis of the shallow tubewell.
Chapter 4 deals with the linear programming model and the 
construction of input output matrix. The results of the linear 
programming analysis are presented in chapter 5. Chapter 6 deals 
with the conclusions and policy implications.
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CHAPTER 2
SOME ADDITIONAL FEATURES OF BANGLADESH AGRICULTURE 
AND THE STUDY AREA
Some of the important features of Bangladesh agriculture such as 
cropping pattern, irrigation facilities and spread of HYV rice have already 
been discussed in the previous chapter. This chapter deals with some 
additional features including the shallow tubewell programme,
2.1 Climate and Soil
The climate of Bangladesh is tropical monsoon. The summer is warm 
and wet and the winter is cool and dry. Heavy rainfall occurs during the 
monsoon months from June to mid October. The normal annual rainfall of 
Bangladesh is about 84 inches most of which (about 80 per cent) fall 
during the monsoon months (see Appendix C), The average temperature varies 
from 69°F to 89°F, Humidity is quite high throughout the year and it 
is 80 per cent during the monsoon months (Rashid, 1967). Soils of most of 
the area of Bangladesh vary from sandy to sandy loam and clay to clay loam.
2.2 Farm Size and Land Tenure
The average size of farms in Bangladesh as per agriculture census 1960 
was found to be 3.5 acres (GOP 1962), The Master Survey of 1967-68 
indicated a decline in the average size to 3.2 acres. Percentage 
distribution of farms and farm area are shown in Table 2,1, It is clear 
from the table that majority of farms (more than 50 per cent) are less 
than 2.5 acres. But the percentage of total land-holding in this group is 
only 16 as per agricultural census 1960. The farms of Bangladesh are 
not only small but also fragmented. One average farm normally consists 
of 6 to 10 fragmented plots. The number of fragments increases as the size 
of farm increases (GOP, 1962),
Farms may be grouped according to the land tenure arrangement as 
owner farms, owner-cum-tenant farms and tenant farms. Owner farms 
accounted for 61 per cent in 1960 and 67 per cent in 1968, The percentage 
of owner-cum-tenant farms was 37 per cent in 1960 and 27 per cent in 1968, 
More than 80 per cent of the farm area is owner operated. Most of the 
tenant operated area is limited to the share-cropping system.
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TABLE 2.1
DISTRIBUTION OF FARMS BY SIZE
Size in 
Acres
Agricultural Census 1960 Master Survey 1967
Percentage 
of No. of 
Farms 
1
Percentage 
of Farm
Area
2
Percentage
of No, of
Farms3
Percentage
of Farm
Area „4
Less than 0,5 13 1 12 1
0.5 to 1.0 11 2 13 3
1.0 to 2.5 27 13 32 17
2.5 to 5.0 26 26 26 30
5.0 to 7.5 12 19 9 18
7.5 to 12.5 7 19 5 15
12.5 and above 4 20 3 16
Sources: Cols. 1 and 2 from Agricultural Census 1960 (GOP, 1962),
Cols. 3 and 4 from Master Survey of Agriculture, Seventh
Round Phase II Government of East Pakiston, Bureau of Statistics,
2.3 Rural Savings
No reliable data are available about savings originating from the 
agricultural sector. One estimate indicated that rural savings as a 
proportion of rural income was 6.3 per cent in 1969-70 (Alamgir, 1975), 
Bergan estimated that the average rate of savings in rural areas was 
12 per cent (Bergan, 1967). Another estimate based on data of a micro 
village survey obtained a figure of 21 per cent (Habibullah, 1970, p. 33). 
In the light of the conflicting results nothing useful can be said about 
rural savings until nationwide survey with reasonable basis of analysis is 
done in this respect. But it is widely believed by the researchers that 
the rate of rural savings in Bangladesh is very poor,
2.4 Agricultural Extension and Farm Credit
Agricultural extension and credit both play a vital role in the 
adoption of high yielding varieties. Since high yielding varieties and 
other improved practices including use of irrigation water are recent
1 7
innovations, many farmers are not aware of them. Agricultural Extension 
Department of the Government provides extension seryices through a 
net work of extension workers at village level. Bangladesh Agricultural 
Development Corporation is responsible for the procurement and 
distribution of improved seeds, fertilizers, insecticides, low lift pumps 
and deep tubewells.
Farmers get credit both from institutional and non-institutional sources. 
In a survey undertaken in 1966 it was estimated that about 86 per cent of 
agricultural credit originated from non-institutional sources and about 
14 per cent from institutional sources (RCS, 1967), Non-institutional 
sources which include money lenders, rural rich, friends and relatives play 
an essential role in the financing of small farmers and consists mainly 
of short term credit. The rate of interest of this credit is exorbitantly 
high. In most cases non-institutional credit is for short periods bfefore 
harvest and consumption purposes. The proportion of institutional credit 
may have increased in recent years because of increasing amount of 
public credit due to the introduction of new technology. But there is 
no recent nationwide survey to confirm this assumption. As indicated 
in the first five year plan about 45 per cent of total farm credit 
requirement will be met by the institutional agencies by 1978 (GOPRB, 1973),
Main institutional sources consist of the Government taccavi loans, the
1 2 Agriculture Bank (BKB), Bangladesh Co-operative Bank (BJSB), and
Integrated Rural Development Programme (IRDP). About 95 per cent of the
institutional credit, other than taccavi loans originate from the Bangladesh
Krishi (Agriculture) Bank (BKB) and Co-operative Bank (BJSB) and the
remaining 5 per cent from commercial banks (IBRD, 1974).
2.5 Study Area.
The study area is located towards the northern side of Bangladesh in 
the district of Bogra. The area is medium high land and is generally not 
affected by flood. Although soil type of the area varies from loamy 
to clay loam most of the area is under loamy soil. The normal rainfall of
•^Bangladesh Krishi Bank (BKB).
2Bangladesh Jatiyo Samabaya Bank (BJSB) which consists of multi^cO'^uA 
co-operative agencies.
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Bogra district is about 72 inches, 80 per cent of which fall during 
monsoon months from June to October. The average farm size, cropping 
system, tenure system and climate of this area closely resemble with 
countrywide averages. The Table 2.2 shows the number of farms and 
farm area classified by size.
Most of the farms of the area arc owner operated. As per 
Agricultural Census 1960, 56 per cent are purely owner operated,
40 per cent owner-cum-tenant operated and only 4 per cent are purely 
tenant operated. The cropping intensity in the Bogra district was 157 
per cent in 1969-70 and 155 per cent in 1970-71 (GOPRB, 1974),
2.6 Underground water resources and Shallow Tubewell Programme of BKB,
Although an extensive ground water survey has not yet been conducted, 
experience from various test borings and several hundred wells that 
have been drilled, the performances of existing tubewells, together with 
other technical evidence (soil formations and structures) indicate the 
existence of considerable underground water of good quality in many areas 
of Bangladesh. It has been estimated in IBRD study of 1972 that about
4 million acres can be irrigated with the help of tubewells - deep and
shallow (Rahman, 1973, p. 19). The area-wise breakdown is as follows:
North-west 2.21 million acres
Central 1.15 t f M
East 0.27 M M
South-West 0.39 i t U
Total 4.02 11 M
The above estimate of the IBRD is based on ground water availability 
as well as other factors being suitable for tubewell construction. The 
ground water studies carried out by various agencies indicate that a 
very suitable shallow acquifer exist for sinking large number of shallow 
tubewells throughout the country except the saline areas, red tracts of 
madhupur of Tangail district and Barind areas of Rajshahi district 
(GOPRB, 1973).
Bangladesh Agriculture Bank (BKB) has made a programme to install 
15,000 shallow tubewells during the first five year plan - 1973-78.'
4
According to a report of BKB underground water will not become a constraint
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TABLE 2 .2
NUMBER OF FARMS AND FARM AREA BY 
SIZE IN BOGRA DISTRICT
S iz e  i n  Number o f  P e r c e n t a g e  Farm Area P e r c e n ta g e  Average
A cres  Farms o f  No., o f  (Thousand o f  Farm S iz e  o f
( i n  th o u s a n d ) Farms A cres) Area Farm
(A c re s )
Under 0 . 5 9-87 5 3.1 0 .41 0 .31
0 .5  t o  below 2 .5  7 3 .5 0 30 112 .8 15.00 1 .5 3
2 .5  t o  below 5 .0  6 4 .8 7 33 228.1 3 0 .4 3 .5 2
5 .0  t o  below 12 .5  4 0 .0 0 21 296 .00 39 .4 7 .2 5
12 .5  and above 5*77 3 111.1 14.8 19 .25
T o t a l 194.89 100 751 .1 100 3 .8 4
S o u rc e  : A g r i c u l t u r a l  Census i 960 (GOP,1962)
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to install one lakh (0.10 million) of shallow tubewells if minimum spacing 
of 400 feet between shallow tubewells is maintained (BKB, 1975, p,5),
Since liberation of Bangladesh up to June 1975, the BKB has installed 1,517 
diesel engine operated shallow tubewells.'*' The shallow tubewell programme 
is being funded by the Industrial Development Bank of India and the 
Asian Development Bank. Imported diesel operated engines and pumps and 
locally manufactured pipes are used in shallow tubewells. Sometimes 
locally manufactured pumps are also used.
Average depth of each boring for shallow tubewell depends upon the
water table. According to an estimate of BKB each tubewell will have
on average 100 feet length of GI pipes of 3" dia. with minimum thickness
0.128". In the study area the length of pipes varies from 80' to 120',
The tubewell is run by 3/4 cusec pump with diesel engine. As 50 per cent
of energy of the engine and pump is exhausted for pulling the water column
from the tubewell, it is estimated that the discharge capacity of a
tubewell will be about 9,000 gallons of water per hour (BKB, 1975). It
is also estimated by the Bank that a tubewell can irrigate an area of
5 acres of high yielding Boro in winter (dry) season and provide
supplementary irrigation to 5 acres in HYV Aman crop. In addition it can
also provide irrigation to one acre potato in winter and supplementary
2irrigation to considerable areas of local T. Aman.
The shallow tubewell scheme is operated through BKB branches with the 
co-operation of Agriculture Department, Agricultural Development Corporation
3(BADC) and District and Thana administration. Shallow tubewell loans 
are advanced against security of land. A single farmer or a small
^Annual Report, Bangladesh Krishi Bank, 1974-75.
2In a feasibility report of shallow tubewells (Rahman, 1975) the command 
area of a diesel operated shallow tubewell is estimated to be 15 acres,
Thana is the smallest administrative unit of Bangladesh.3
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group of farmers having at least 4 acres of land can get loan of shallow 
tubewell from the Bank, Sinking of tubewells are done on turn key basis 
by the private contractors selected through open tender. After sale 
service is provided by the suppliers [first 18 months free and 
thereafter on payment) but the overall supervision in sinking, installation 
and operation of tubewells is done by the bank, A tubewell loan is
generally advanced for a period of 5 years repayable in 5 equal annual 
instalments with interest rate of llh per cent per annum,
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CHAPTER 3
FINANCIAL ANALYSIS OF SHALLOW TUBEWELL
3.1 Brief Review of Literature
Before we proceed to discuss the financial analysis of the shallow 
tubewell irrigation, a brief review of literature related to the benefits 
of small scale irrigation in Bangladesh and India is considered to be 
useful.
Haque (1975) in his study of small scale irrigation in Bangladesh 
opines that at the existing level of capacity utilization shallow 
tubewell irrigation is relatively more efficient compared to other 
mechanised irrigation systems such as deep tubewell and low-lift power 
pump. It was found in the above study which was carried out in 1970 that 
high yielding varieties of paddy such as IR-8, IR-5 and IR~20 were 
introduced in irrigated farms. Potato was also being adopted by STW 
farmers. Per acre yield of Boro rice and Aman rice were 56 mounds^and 
44 mounds respectively in private shallow tubewell farms compared to 
18 mounds and 17 mounds per acre respectively in non-irrigated farms.
Per acre yield of Boro and Aman in deep tubewells irrigated farm were 
43 mounds and 37 mounds respectively. The higher yields of Boro and 
Aman which lead to higher net profit per acre in shallow tubewell farms 
compared to deep tubewell and low lift pump irrigated farms were due to 
better personal management and control of water supply in shallow tubewell 
farms.
Before the liberation of Bangladesh the research department of the 
Agricultural Development Bank conducted a survey on the benefits 
accrued from the shallow tubewells. According to the survey report a 
farmer by installing a shallow tubewell through the Agriculture Bank 
can repay the entire amount of investment by growing a single crop 
(IRRI variety in Boro season) in a year leaving some surplus as profit 
(BKB 1975).
1^ mound = 82 lbs.
Boro in non-irrigated farms was grown in limited area (0.2 per cent of 
gross cropped area) by traditional method of irrigation from ditches.
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Nasol (1975) in his case study in Bangladesh found that internal 
financial rate of return from the investment of a shallow tubewell was 
over 50 per cent. Pay back period and benefit/cost ratio were 2.37 
years and 1.36 respectively. Borrower’s cash flow statement of the 
study indicates that net cash flow generated through the investment of 
a shallow tubewell will enable the farmer to repay the loan instalment 
of shallow tubewell investment and will have considerable amount as 
surplus.
Rahman (1969) stated that a great change took place in crop production 
and rural employment in tubewell irrigated areas, Introduction and 
expansion of winter cropping by providing tubewell irrigation facilities 
helped the people remain gainfully employed and reduced seasonal unemployment. 
Irrigation facilities also helped to introduce high yielding varieties 
of rice and modern farm practices the results of which, were encouraging 
in terms of yields per acre and net benefit received. Another case 
study of the economics of tubewell irrigation found out that average 
farmer's net benefit using tubewell water for irrigation was much higher 
than that of farmer not using tubewell water and the internal financial 
rate of return out of investment of a tubewell was over 50 per cent 
(Ahmed and others, 1974).
Rajagopalan and others (1974, pp. 479-489) state that an investment 
appraisal is a pre-condition for financing a particular project of 
agricultural development. They in their study have given more emphasis 
in micro analysis of minor irrigation projects. In micro analysis this 
technique examines the benefit and cost of an investment from the view 
point of investor. The size of holding which a shallow tubewell irrigates 
is arrived as 5 acre. The major findingsof the study were that through 
the investment of shallow tubewell, sufficient net incremental income 
were obtained by the agriculturists due to irrigation and the farmers will 
be in a position to repay the annual instalments of principal and interest 
of tubewell loans after meeting the additional family consumption. 
Mukhopadhyay (1971) in his study in punjab of India found that farmers 
in all size groups of Kapurthala and Ludhiana districts were in a position 
to repay the shallow tubewell loan out of the net cash flows generated due 
to the construction of tubewells. Net present values were calculated on the 
basis of interest rate of Rs. 7.75 per cent per annum which represented 
the cost of capital to the farmers. The higher the net present value, 
the greater will be the desirability of an investment. In all size groups 
of farms in the above study positive net present values were found which
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represented the soundness of the project. Another study (RBI, 1969) shows 
that farmers with farms measuring 5 acres or more can repay the shallow 
tubewell loan out of the total farm income and still have a sizeable 
surplus left with them. The net income per acre derived by the tubewell 
owners was higher than that of the non-owners by 74 per cent in the 
case of wheat and 77 per cent in maize. The higher income realised 
by the tubewell owners from these crops was associated with higher 
values of production which more than offset the higher costs incurred 
by them, A comparative study of costs and benefits of irrigation from 
state and private tubewells (Moorti, 1973, pp. 181-189) in Aligarh 
district of India indicated that the private tubewell farms used larger 
quantity of water relative to the state tubewell farms, The study revealed 
that in almost all crops the gross returns per hectare was higher on the 
private tubewell farms relative to farms irrigated by the State tubewells,
This signified that private tubewells owned by the farmers were better 
managed than the State tubewell. In a study (Mukhopadhyay 1973, pp. 189-196) 
of a comparative evaluation of deep tubewell and shallow tubewell as 
alternative device of irrigation in Nadia district of West Bengal three 
alternative discounted measures - benefit/cost ratio, net present worth 
and internal rate of return were used (Table 3.1)
TABLE 3.1
COMPARATIVE ANALYSIS OF DEEP AND 
WEST BENGAL, INDIA
SHALLOW TUBEWELL IN
Benefit cost ratio 
at 12 per cent 
discount rate
Net present worth 
at 12 per cent 
(Rupees per acre)
Internal 
Rate of Return 
(per cent)
Deep Tubewell 2.75 1,253.58 34
Shallow tubewe11 1.87 1,245.16 more than 50
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In a sensitivity analysis at different discount rate it was 
found that net present worth and benefit/cost ratio of deep tubewell 
are more sensitive to the changes in the discount rates than those 
of shallow tubewell. On the basis of internal rate of return and 
sensitivity to changes in the discount rate shallow tubewell claims 
distinct preference over deep tubewell. In respect of adequacy and 
timeliness of water supply deep tubewell was found to be inferior 
to shallow tubewell.
3.2 Evaluation of Shallow Tubewell Irrigation 
3.2.3 Cropping Pattern
Crops grown before the introduction of shallow tubewell in the study area 
were Aus, Jute, transplanted Aman, potato, pulse an oilseeds. But after 
irrigation in addition to these crops high yielding aman in aman season 
(July to December) and improved boro rice in dry season were raised.
Potato which was grown in a limited area before irrigation and depended 
on sub-soil moisture (and limited irrigation by hand wherever possible) 
was produced in some more areas after irrigation. Adjustment in the 
farm cropping pattern was made by the farmers after the introduction 
of shallow tubewells. Cropping pattern of the three different size 
group of farms - small, medium and large are shown in Appendix D.
Area irrigated in dry season for boro rice in small, medium and large 
groups were 3.5 acres, 4.22 acres and 4.80 acres respectively. Tubewell 
water as supplementary irrigation was used in high yielding aman rice, 
some acres of local aman and potato. Area under supplementary 
irrigation varied from 4.25 acres in the small group to 5.80 acres in 
the medium and 5.94 acres in the large group,
Cropping intensities in small, medium and large size groups 
before irrigation were 158 per cent, 139 per cent and 121 per cent 
respectively. These intensities after irrigation in these farm groups 
were 190 per cent, 187 per cent and 156 per cent respectively. It is 
clear from the cropping pattern of farms of the three size groups that 
rice continued to be the dominant crop after the introduction of shallow 
tubewell. With reliable water supply throughout the year the farmers 
with the shallow tubcwell produced improved boro rice in dry season which 
resulted in a decrease in area of Aus. This is due to the reason
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that maturing of boro overlaps with the growing period of broadcast AUS in the 
early rainy season. Crop calendar is shown in Figure 2 (see page 41).
3.2.2. Income: The income considered in the analysis is the money
value of production of crops produced in a particular year. Income 
before irrigation and income after irrigation relate to the value of 
crops raised before irrigation and the value of crops raised after 
irrigation respectively. Value of production of crops depends upon 
the output of crops which in turn depends upon the yield rates of 
crops, water utilization, use of improved practices and the relative 
prices of crops grown. Present and projected farm budgets (including 
as income only the value of production of crops) have been analysed 
on the basis of three representative farm sizes - small (5 acres), 
medium (8.8 acres) and large (14.3 acres) using shallow tubewell for 
irrigation. Before the introduction of shallow tubewell the farm 
income in the three farm sizes - small, medium and large were Tk.10,977,
Tk.16,952 and Tk.23,433 respectively. After the introduction of 
shallow tubewell the farm income in these farm sizes were calculated 
to be Tk.21,691, Tk.32,856 and Tk.41,744 respectively (Appendix D).
3.2.3 Cost
Total costs in a shallow tubewell farm for the purpose of benefit 
cost analysis includes the investment cost, production cost and 
operation and maintenance cost. Investment cost, i,e. the cost of 
a shallow tubewell with diesel engine was found to be Tk.14,700 as 
follows:
(a) Engine and Pump = Tk.10,700 1
(including installation cost)
(b) Pipes = Tk. 4,000
Total Tk.14,700
The life of the engine and pump has been estimated by the 
Agriculture Bank (BKB) to be 5 years and the life of pipes to be 
10 years.
Production costs include the costs of human labour, b^ullock labour, 
fertilizers, manures, seeds and insecticides. The costs of all inputs 
have been calculated at market price. Before irrigation cost of 
production of crops was Tk.6,765, Tk.10,458 and Tk.14,763 in the
1 Taka (TK.) is the Bangladesh currency.
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small, medium and large farms respectively. After irrigation (with 
shallow tubcwcll) production cost was Tk. 9,858 in the small, Tk,16,150 
in the medium and Tk.21,507 fn the large group (Appendix D).
In the operation and maintenance cost, costs of fuel oil, 
lubricant, spare parts and repairing have been included. The engine 
is operated by the farmer himself who also works maximum time of 
the day in the field. This cost has already been taken care of in the 
cost of production of crops. Operation and maintenance cost of shallow 
tubewell was Tk.2299, Tk.2862 and Tk.3306 in the small, medium and 
large groups respectively. This cost may increase as the engines and 
pumps become older. So it is assumed in future projection that this 
cost will increase at the rate of 5 per cent per year up to 3rd year 
of the project (Appendix E).
Depreciation of shallow tubewell is not calculated as the 
computational procedure in the financial analysis takes care of it.
That is, the entire capital cost of the shallow tubewell is added 
with other costs in the first year of the project.
3.2.4 Financial Analysis.
The main feature of the benefit cost analysis for the purpose 
of this study is the measurement of direct benefit and cost streams 
through time of a farming system under two alternative conditions - 
one with irrigation and the other without irrigation. The difference 
of net benefit of post and pre-irrigation is the contribution of 
irrigation. In other words, net benefit attributable to irrigation 
is defined as the net benefit with irrigation minus the net benefit 
without irrigation. Increase in output after irrigation may be due to 
the effect, not only of irrigation, but also other factors such as 
improved seed, fertilizer and improved practices. But here it is 
considered that irrigation has made it possible to introduce other 
factors which may have combined greater effect on the yield of crops. 
The criteria which are used in this study to measure the impact of 
irrigation on farm income are:
(1) the internal financial rate of return (IRR),
(2) the net present value (NPV),
(3) the benefit cost ratio (B/C ratio),
(4) the pay back period and
(5) the borrowers cash flow.
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This type of evaluation is very useful for the lending agency like 
Agriculture Bank in order to see the economic and technical effect of 
shallow tubewells already invested and whether further investment in 
shallow tubewell for irrigation would be worthwhile or not. The 
conceptual mathematics and approach of the above criteria (measures) 
are not the same, hence comparison of projects in terms of different 
measures will not show the same result. In terms of financial 
feasibility test a particular project may be accepted if the net 
present value (NPV) is greater than zero or benefit cost ratio is 
greater than one or the internal rate of return is greater than the 
opportunity cost of capital.
Net Present Value (NPV)
To evaluate any multi-period investment proposals it is necessary 
to find out the results on a year to year basis. In the net present 
value criterion (which is often referred to as net present worth) 
discounted monetary costs and gains are considered over the entire 
economic life of the project. Discounting is a technique by which 
future benefits and costs streams can be reduced to their present worth. 
Any investment will have an opportunity cost. The net present value 
is calculated by deducting the present worth of cost streams from the 
present worth of benefit streams. Present worth of cost and present 
worth of benefit are obtained by discounting the cost and benefit 
streams separately at the opportunity rate of capital. In the present 
study the opportunity cost of capital has been found to be 12 per cent 
which is the interest rate of the commercial banks in Bangladesh.
NPV may also be computed by discounting the cash flow at the assumed 
interest rate.
The formal mathematical statement of NPV is given below
n B - C NPV = e .n_____ n
t = 1 (1 + i)n
This can also be written as
B B B + S r
NPV =(— ---  + 2 + ___ + ---------  ) - (-----  +
(1 + i) (1 + i)2 (i + i)n (1 + i)
(1 + i) (1 + i)
+
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where:
V 'V- ..B = Benefits n in years 1 , 2 ...
cl- C2‘ '..C = Costs in n years 1 , 2 , . . . . n
s = salvage value 
i = appropriate discount rate.
An individual farmer may undertake an investment if the net 
present value of that investment is greater than zero. The desirability 
of an investment may increase with the increase in the NPV above zero.
it is already discussed that for the purpose of this study the 
life of a shallow tubewell (STW) project is considered to be 5 years.
As per report of the Agriculture Bank (BKB, 1975) life of engine 
and pump is 5 years and that of pipes is 10 years. Life of the 
project may be extended to 10 years by replacing the engine and pump 
on the 6th year. But for the present study it is kept for 5 years 
adding the salvage value of pipes (which comes to be Tk.2000) with the 
income of the 5th year. By applying the above formula the NPV of 
different size groups of STW farms is worked out and is shown in the 
Table 3.2
TABLE 3.2
NET PRESENT VALUE 
(in Taka)
Farm Size
Small Medium Large
Present worth of benefit'*' 39,758 58,468 67,145
Present worth of 2cost 33,109 44,639 50,138
NPV 6,649 13,829 17,007
^Benefit means added benefit, i.e. benefit with STW irrigation 
benefit without STW (pre-irrigation period).
Cost means added cost, i.e. cost with STW irrigation - cost without 
STW (pre-irrigation period).
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The positive net present value indicates the soundness of the 
project. As the net present values have been calculated on the basis 
of rate of Interest of 12 per cent which represents the cost of capital 
to the STW farmers, the positive NPV signifies that the rate of return 
on loan financed investment is higher than the rate of interest charged 
by the Bnak. Thus the repayment capacity of a farmer is reflected in 
the net present value.
Benefit Cost Ratio (B-C ratio).
The B-C ratio is obtained by dividing the present worth of benefit 
by the present worth of cost. It is a simple device very often used 
in project evaluation by government planning agencies (Ahmed, 1972).
In mathematical terms B-C ratio is expressed as follows:
B-C ratio
(1 + i) (1 + i)
(1 + i) (1 + i)
+ B + s n
i-i ■ i n(1 + l)
Symbols B, C, i, n, s represent the same meaning as given in the BPV 
formula in previous equation.
Opportunity cost of capital is generally used as discount rate 
in B-C ratio analysis. In the present study discount rate used is 
12 per cent. If the B-C ratio of project becomes less than 1, it 
means that it is not recovering the investment. In this case it 
would be better to put the money in a bank at the interest of 12 
per cent than to invest it in the project. Benefit cost ratios in 
the present study have been found to be 1.20, 1.31 and 1.34 for small, 
medium and large size groups respectively. As the B-C ratio in all 
size groups is greater than one at 12 per cent discount rate (Bank 
interest rate) the shallow tubewell project is financially quite viable.
Internal Rate of Return (IRR).
It is a very useful measure of project worth. This measure is 
used by World Bank and most other international financing agencies 
for economic and financial analysis of projects. Internal rate of 
rerurn may be defined as the rate of discount which will make the 
net present worth of cash flow of the project equal to zero. The 
IRR represents the average earning power of the money used in the
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project over the project life (Gittingcr, 1972). As this study concerns 
only with financial analysis this rate of return is called internal 
financial rate of return. In the analysis cash flow is the incremental 
net benefit which is calculated by deducting the net benefit without STW 
irrigation from the net benefit generated with STW irrigation. The 
mathematical expression of the IRR is given below
(1 + r)
B9 - C 2 c
(1 + r)
B + s - C n n
(1 + r)
0
where:
r = internal rate of return
and have the same meanings as given in NPV formula.
The IRR is calculated by a trial and error process. The streams 
of incremental net benefits (cash flow) are discounted by several 
rates of discount and every time the present worth is recorded. If 
two successive present worths are found after discounting, one positive 
and the other negative with non zero, then the true discount rate 
(IRR) is computed by interpolating these two present worths as follows:
Internal^
rate of return = Lower discount + difference present worth of cash flow
rate between the at the lower discount rate
discount absolute difference between
the present worth of the 
cash flow at the two 
discount rates.
The internal rate of financial return amounts to 44 per cent in small 
group of STW farm over the period of the project. This rate of return
2is more than 50 per cent in both medium and large groups (Table 3.4.).
Since the IRR of shallow tubewell investment is high in all size groups 
the STW project is financially sound and worthy for expansion.
Pay Back Period:
The pay back period is the time period for an investment from the 
beginning of the project to generate sufficient incremental operating
See Gittingcr, 1972, p. 80.
The rate of return is high because of the low cost of investment 
for each tubewell and because the farmer benefits from the well 
just after its installation.
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income* to recover its initial capital investment in full. Pay back 
period is preferred when there is risk and uncertainty in the future.
Pay back period in small group has been calculated to be 2.8 years 
(Appendix E). Pay back periods in medium and large size groupware 
2 years and 1.8 years respectively. It is clear that the capital 
investment of STW can be recovered much earlier than the project 
life which is 5 years. So pay back period of STW investment in all 
size groups indicates the soundness of the project.
Borrower’s Cash Plow
In order to find out the farmer borrower cash flow, loan receipts 
(both STW loan and production loan) are added with the value of 
production in the inflow side and debt services (repayment of loan - 
principal and interest) are added with other cost in the outflow 
side (Appendix F). Borrower's cash flow is obtained by deducting 
the outflow from the inflow on year to year basis. Incremental borrower's 
cash flow is arrived at by subtracting the net benefit of pre­
irrigation period from the cash flow with irrigation (Table 3.3).
TABLE 3.3
BORROWER'S CASH FLOW 
(in Taka)
Farm Group Cash Flow 
with STW
Net Benefit 
Foregone 
(without STW)
Incremental 
Cash Flow
Small 28,856 21,060 7,796
Medium 50,207 32,470 17,737
Large 65,482 43,350 22,132
The incremental cash flow as indicated in Table 3.3 shows the 
soundness of the shallow tubewell investment. Although the incremental 
cash flow increases with the increase in farm size, STW investment in all
Incremental operating income = added benefit (i.e, added income) minus 
added operating cost. Added operating cost = costs of production, 
operation and maintenance after STW minus production cost before STW.
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size groups are quite financially viable so far as the credit worthiness 
is concerned. Even the farmer in small size group is in the 
position to repay the tubewell and production loan out of the cash 
flow generated leaving a considerable amount as surplus (Appendix F ).
As the incremental cash flow figure is found to be positive in each 
year (from 1st to 5th) in the borrower’s cash flow analysis, the 
internal financial return in all size groups will be over 50 per cent,
Sensitivity Analysis
Sensitivity analysis is a means to deal with the question of risk 
and uncertainty in project analysis. The analysis is done to see 
what happens to IRR or NPV or B-C ratio if price of product or cost 
of project changes. The financial rate of return, NPV and B-C ratio 
considered above are of static concept both for project cost (investment, 
production, operation maintenance) and product prices but in 
practice both may vary over time. Yield may be lower in future than 
the present rate which may reduce the benefit of shallow tubewell 
project. A fall in the net benefit may be caused by a fall in 
product prices or by a rise in the costs under irrigated conditions.
In the present sensitivity analysis maximum 10 per cent increase in 
cost is assumed. A sensitivity analysis for changes in benefit 
and cost is made and presented in Table 3.4. It reveals from the < 
table that the shallow tubewell farms are quite sensitive to changes 
in costs and benefit. But in all situations the tubewell farms 
(all size groups) are found to be financially viable, Even the adverse 
situation, viz, 10 per cent increase in cost other things remaining 
the same, also brings in 16 per cent rate of return in the small size 
group which is higher than the opportunity cost of capital.
We may conclude that although the medium and large size groups 
of STW farms can generate more income than the small size group, 
the latter one is also suitable for investment in shallow tubewell 
both in terms of financial viability and credit worthiness.
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Custom Service
In all the above analysis benefits are calculated on the basis 
of the cropping pattern followed after the introduction of shallow 
tubewell irrigation. Although the capacity of a shallow tubewell 
to irrigate in dry season is estimated to be 5 acres, small and 
medium size groups did not use tubewell in full capacity. This may 
be due to various constraints such as financial, labour, adjustment 
of cropping pattern and so on. If the tubewell is used in full capacity 
in dry season it is expected to generate more net benefit than the 
present system. If we assume that the farmer will not put more area 
than the present acreage under boro rice in dry season he can hire 
out the tubewell water to neighbouring farm up to the extent of full 
capacity of the tubewell. For example, in small group only 3,5 acres 
was used for boro rice in dry season. In order to make full use of 
the tubewell in dry season, tubewell water to irrigate land for boro 
rice to the extent of 1.5 acres can be hired out. If we assume that 
a STW farmer can earn Tk.200 per acre by selling the tubewell water 
in dry season then the additional income which will be generated 
(from 1.5 acres) is taka 300 in each year.^ When we add this additional 
income with the existing income of the small group NPV, B-C ratio and 
IRR become Taka 7,731 , 1.23 and about 50 per cent respectively 
compared to Taka 6,649, 1.20 and 44 per cent respectively of the 
existing system of this group.
10 Years Project Life
If the project life is extended up to 10 years the replacement 
of only engine and pump will be required on the 6th year of the 
project for which only the cost of engine and pump as investment 
will have to be born on that year. As the life of the pipes is 
10 years there will be no salvage value to be added with the benefit.
If we assume that the cost of engine and pump will increase by 
10 per cent at the time of replacement on 6th year then the IRR in 
the small size group of STW farm becomes 43.62, i.e. 44 per cent.
*It is assumed that at least Tk.200/- per acre can be earned by hiring 
out of STW. The cost of fuel oil and lubricant will be born by the 
farmer who will hire it.
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Net present value increases from Taka 6,649 when the life of the 
project is 5 years to Tk.9,954 when the life is considered to be 
10 years in the small group.
CHAPTER 4
LINEAR PROGRAMMING MODEL
In the previous chapter we have dealt with the financial analysis of 
shallow tubewell irrigation. This chapter deals with the linear 
programming technique (LP), setting up of L.P. model and preparation of 
input output matrix. The computer facilities available in the university 
made it possible to deal with the large number of data using program 
package developed for this purpose.
4.1 Linear Programming Technique for Farm Planning:
Linear programming is an operation research technique for maximising/ 
minimising a linear objective function subject to linear inequalities.
This technique can serve as an important planning tool both at macro and 
micro levels. In the present study this technique is used at micro level 
for formulating alternative resource use plans. This study mainly serves 
to show the usefulness of the technique. The linear programming technique 
has some advantages over budgeting methods. In budgeting it is extremely 
difficult to maximise profit or minimise cost if the number of constraints 
are numerous. Linear programming treats the farm as a whole entity and 
can be used to maximise or minimise (profit or cost) with best allocation 
of the available resources between different products subject to a number 
of constraints. This will give one optimum solution. Although these 
techniques have been used widely in developed countries, the developing 
countries have been using these only recently on a limited scale in order 
to examine the impact of new technologies on cropping pattern, supply 
responses etc. (Hutton, 1965). In the Indo-Pak sub-continent these 
techniques have also recently been used by different researchers such as 
Gotsch (1975), Ahmed (1972), Singh and Rahim (1975) and so on to investigate 
its impact at farm level under different situations, particularly on changes 
in the cropping pattern, farm income etc, with optimal allocation of the 
available resources.
4.2 Model
In this study, linear programming technique is adopted in the three 
size groups of farms - small (5 acres), medium (8.8 acres) and large 
(14.3 acres) in order to examine the optimum solution (farm income, cropping 
pattern, shadow prices etc.) of each group both for without irrigation and 
with irrigation. This may give some indication in order to maximise net
income with the introduction of shallow tubewell for irrigation with 
optimal allocation of the available resources. The general mathematical 
expression of the model is:
Maximise the objective function:
n
Z = E C.X. (j = 1, 2, . . . . n)
j = 1 J 3
Subject to:
nE a. . ^  b .! 1J 13 = 1
(i = 1, 2, --- m)
and X. ^  0
J
Where, Z = Total gross margin (return over variable cost)
C. = per acte gross margin (return over variable cost) of the 
J j th crop activity.
X. = Units or level of the j th activity.
a
ij
= Coefficient of the j th activity for the i th constraint.
b^ = the supply of i th resource.
n = Number of choice variables 
m = Number of constraints
But in this study labour hiring activities are also introduced in both 
without irrigated and with irrigated situation. In addition to above 
activities a loan repayment activity is introduced only with irrigated 
situation. Therefore, the above objective function for the irrigated farm 
will take the following structure.
n k L t
1 = 1 C. X. - E D. X. - E E. X. - E F. X.
j = 1 J i j = n+1  ^ J j = K+l  ^ J j = L+l  ^ ^
Where, and X. have the same meanings as given above.
Dj = the wage paid for the j th human labour hiring activity.
Ej = the wage paid for the j th bullock labour hiring activity. 
F. = principal and interest paid for j th credit activity.
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4.3 Constraints and Resource Supplies
Land, human labour, bullock labour and cash available are the major 
constraints considered in this study. With the introduction of shallow 
tubewell for irrigation, additional constraints of production loan has 
been included. Details of the resource supplies and constraints are 
given below.
4.3.1 Land
The total land available in the three size groups - small, medium 
and large are 5 acres, 8.8 acres and 14.3 acres respectively, The 
periods during which the different crops occupy the land is divided into 
eight parts, such as land available in period one to land available in 
period eight
Crop calendar /.C- the crops occupying land in different periods implies 
that the cropping intensity in a farm in a particular year can reach up to 
200 per cent. The crop calendar with all crop activities is presented in 
Figure 2 . The eight periods are, period 1 - mid March to mid April,
period 2 - mid April to end May, period 3 - mid June to early July, Period 
4 - early July to mid August, Period 5 - mid September to early November, 
Period 6 - early November to end December, period 7 - January to early 
February and Period 8 - early February to mid March (see Table 4.1 for 
more details of the periods).
4.3.2 Human Labour
Human labour requirements are calculated per acre by crop for each 
period of the growing season (Table 4.1). Supply of labour in each 
period is derived on the basis of family labour available in each farm.
In small size group the family labour (working labour) available is 3 
whereas in both medium and large size group this number is 4. These 
figures nearly resemble with the figures of working labour force as 
given in a Farm Management survey Report of Bogra District CGOPRP,
March 1974). It is stated in the report that the effective labour 
force is 3.3 in the farm size of 4.5 acres, 5.2 in the farm size of 
9.3 acres and 5.6 in the farm size of 16.3 acres, The family labour 
supply in the present study for each of the eight periods of the year for 
small farm group is shown in Appendix G .
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Labour a v a i l a b i l i t y  in each pe r iod  i s  c a l c u l a t e d  assuming an e i g h t  
hour a day and 26 work days per  month based on th e  r e s e a r c h  s t u d i e s  in  
Bangladesh and P a k i s t a n .  A r e s e a r c h  s tu d y  in  Bangladesh (Ahmed, 1972) 
i n d i c a t e s  27 work days pe r  month and 8 work hours  pe r  day.  The number 
of  work days fo r  an a g r i c u l t u r a l  l a b o u re r  appea rs  t o  be 25 per  month in  
ano ther  s tudy  under taken  in  P a k i s t a n  pun jab  (Gotsch,  1975). From th e  
farm management survey  suppo r t  o f  Bogra d i s t r i c t  (GOPRB, 1974) i t  appea rs  
t h a t  t h e  l a b o u re r s  a v a i l a b l e  f o r  h i r i n g  in  th e  a r e a  a r e  abundant .  In 
o th e r  words,  the  s tudy  a r e a  has  a l abou r  s u r p l u s .  However, i t  might  
appear u n r e a l i s t i c  to  assume u n l i m i t e d  s u p p l i e s  o f  h i r e d  la bour  due to  
the  l i m i t e d  f i n a n c i a l  r e s o u r c e s  o f  the  f a rm e rs .  The a r rangement f o r  th e  
payment f o r  h i r e d  labou r  i s  g e n e r a l l y  in  t h e  form o f  kind r a t h e r  than  
cash payment. The c a p a c i t y  to  h i r e  l abour  should  be r e s t r a i n e d  by t h e  
t o t a l  p ro d u c t io n  o f  t h e  farm and the  o t h e r  c o n s t r a i n t s .  Data r e g a r d i n g  
th e  c a p a c i t y  to  h i r e  l abour  by each farm i s  a l s o  no t  a v a i l a b l e .  I t  i s  
t h e r e f o r e  assumed t h a t  on t h e  b a s i s  o f  e a r l i e r  s t u d i e s  and the  e x i s t i n g  
p r a c t i c e  in the  a r e a  h i r e d  labou r  i s  no t  a c o n s t r a i n t  and can be h i r e d  
a t  peak p e r io d s  i . e .  a t  t h e  t ime of  land p r e p a r a t i o n ,  p l a n t i n g  and 
h a r v e s t i n g  of  some c rops  t o  supplement fam i ly  labour  wherever n e c e s s a r y .
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4.3.3 Bullock Labour
This constraint includes the animal power needed in the production
of an acre of each crop. Animal power is required for ploughing at
the time of land preparation and for threshing of paddy crop
(uncleaned rice) after its harvesting. It is found in the study area
that the small size group (5 acre farm) owns a pair of bullock.'1
On the average 2 pair of bullocks are available in each of the medium
and the large size group. For the purpose of finding out the number
of bullock labour available in each period it is assumed that a pair
2of bullock can work for six hours a day and 26 days a month (Appendix G).
4.3.4 Cash supply and variable cost
Cash supply has been estimated on the basis of a farm management 
survey report of the Bogra District (study area) and existing cash 
expenditure (variable costs) incurred in the three size group of farms 
under the present study. It has been found in the farm management 
survey that under traditional farming cash receipts from crops after 
family consumption in the farm size of 4.5 acres is about 26 per cent 
of the total value of production of crops. This percentage of cash 
receipts is 26.2 in the farm size of 9.3 acres and 37.8 in 16.3 acres 
(GOPRB, Mar. 1974, pp. 28-30 derived). If we assume the above percentage 
of the value of production as cash receipts (after family consumption) 
in the present study, the cash receipts in three size groups will be 
Tk. 2854, Tk. 4441 and Tk. 8858 in small (5 acres), medium (8.8 acres) 
and large (14.3 acres) respectively. (In addition to the farm income the 
farmers of the study area also have income from off farm sources.
According to the above farm management survey the contribution of off 
farm income to the total income is about 10 per cent in small, 7 
per cent in medium and 9 per cent in large group). It is also found
Sometimes cows are also used for working purposes in the field. 
So here bullock means working animal.
Bullocks are usually used in the field from early in the morning 
with little break for about six working hours. This assumption 
of 26 work days also nearly resembles with the figure mentioned 
by Got sch (1975).
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in the  above s tudy  t h a t  p e r c e n ta g e s  o f  cash  r e c e i p t s  used as cash 
expenses in  farm p r o d u c t i o n  ( fo r  s e e d s ,  f e r t i l i z e r ,  p e s t i c i d e s  e t c )  
in t h e  t h r e e  farm s i z e s  - 4 . 5 ,  9.3 and 16.3 a c r e s  a r e  40,  46 and 32 
r e s p e c t i v e l y .  For t h e  purpose of  t h i s  s tudy  i t  i s  assumed t h a t  about  
45, 50 and 36 per  c en t  o f  t h e  e s t im a ted  cash r e c e i p t s  in  sm a l l ,  
medium and l a r g e  groups  r e s p e c t i v e l y  w i l l  be a v a i l a b l e  t o  i n c u r r  
e x p en d i tu re  f o r  s eed ,  f e r t i l i z e r ,  manure and p e s t i c i d e s  ( v a r i a b l e  
co s t )  w i thou t  i r r i g a t i o n . 1 On th e  b a s i s  o f  t h i s  assumption  th e  cash 
supply wi thou t  i r r i g a t i o n  i s  e s t im a ted  to  be Tk. 1300, Tk. 2200 and 
Tk. 3200 in  sm a l l ,  medium and l a r g e  s i z e  groups r e s p e c t i v e l y .  But as  
with t h e  i n t r o d u c t i o n  o f  sha l low  tubew el l  i r r i g a t i o n  more purchased  
in p u t s  such as improved seed ,  f e r t i l i z e r ,  p e s t i c i d e s  e t c  a r e  used  and 
a d d i t i o n a l  e x p e n d i tu r e  on f u e l  o i l ,  l u b r i c a n t  and main tenance  f o r  the  
tubewel l  a r e  r e q u i r e d ,  th e  cash  r equ i rem en t  f o r  farm expenses  i n c r e a s e s .  
From t h e  farm crop budget  d e s c r ib e d  in  t h e  p r e v io u s  c h a p t e r  i t  i s  found 
t h a t  a f t e r  i r r i g a t i o n  t h e  v a r i a b l e  c o s t s  r e q u i r e d  a r e  Tk. 4365,  Tk. 6239 
and Tk. 7761 in  s m a l l ,  medium and l a r g e  s i z e  groups  r e s p e c t i v e l y .  This  
cash i n c lu d e s  f a r m e r ' s  own cash  and t h e  p r o d u c t i o n  loan  o f  Tk. 2500 
taken from th e  A g r i c u l t u r e  Bank. I t  i s  assumed f o r  th e  cash  supply  in  
t h i s  s tudy  with  i r r i g a t i o n )  t h a t  w i l l  t u b e w e l l  90 pe r  cen t  o f  farm cash 
r e c e i p t s  a f t e r  f am i ly  consumption w i l l  be d i v e r t e d  t o  farm expenses  
( v a r i a b l e  c o s t )  in  small  and medium s i z e  g roups .  In l a r g e  s i z e  the  cash 
supply  i s  assumed to  be about  70 pe r  ce n t  o f  t h e  cash  r e c e i p t s .  On th e  
b a s i s  o f  t h i s  assumption  t h e  cash  supp ly  ( f a rm e rs '  own cash)  t o  meet t h e  
v a r i a b l e  c o s t s  w i th  i r r i g a t i o n  s i t u a t i o n  i s  e s t im a te d  to  be Tk. 2600,
Tk. 4000 and Tk. 6300 in  s m a l l ,  medium and l a r g e  groups r e s p e c t i v e l y .
V a r i a b l e  c o s t s  which in c lu d e  th e  c o s t  of  seed ,  manure, f e r t i l i z e r ,  
p e s t i c i d e s  and i r r i g a t i o n  r e q u i r e d  per  a c r e  f o r  v a r i o u s  c rops  have been 
c a l c u l a t e d  both  f o r  w i thou t  i r r i g a t i o n  and w i th  i r r i g a t i o n  (Table 4 .2  
and Appendix H) .
Before i r r i g a t i o n  fa rm ers  in  the  s tudy  a re a  d id  not  grow expens ive  
c rops  l i k e  HYV r i c e  and most o f  t h e  land in  d ry  season remained 
f a l l o w .
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TABLE 4.2 (i_)
VARTABLE_COSTS OF VARIOUS CROP ACTIVITIES 
PER ACRE IN SMALL SIZE GROUP
(without irrigation)
(Taka)
Code or 
Symbol Crop
Variable Costs
TotalSeed Manure Fertilizer Pesticides
XI Aus Rice 70 60 - - 130
X2 Jute 45 60 - - 105
X3 T. Aman Rice 30 25 50 40 145
X4 Potato 640 100 175 60 975
X5 Pulse 50 40 - - 90
X6 Oil seed 30 50 - - 80
TABLE 4.2 (ii)
VARIABLE COSTS OF VARIOUS CROP ACTIVITIES 
PER ACRE IN SMALL SIZE GROUP 
(with irrigation)
(Taka)
Code or 
Symbol
Variable Costs
Crop Seed Manure Fertilizer Pesticidcs Irrigation^ Total
XI Aus Rice 70 60 - - - 130
X2 Jute 45 60 - - - 105
X3 T. Aman Rice 30 25 50 40 61 206
X4 HYV Aman 39 - 160 40 261 500
X5 Potato 640 100 175 60 182 1,157
X6 Pulse 50 40 - - - 90
X7 Oil seed 30 50 - - - 80
X8 Boro Rice 
(improved)
39 50 160 40 515 804
Note: For variable 
Here variable
costs
: C O S t S
in other size groups see Appendix II, 
mean variable material input costs.
1 Irrigation cost per 
the tubewell hours
acre of 
used per
each crop has 
acre in each
been calculated by multiplying 
crop with per hour cost of
irrigation. Per hour cost >of irrigation is derived at by dividing the
total operation and maintenance cost with total hours used
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4.3.5. Borrowing (Production Loan)
Under this constraint production loan available (for meeting the 
part of the expenses for seed, fertilizer, fuel oil etc) from the 
Agriculture Bank for shallow tubewell farmer is included as maximum 
production credit limit.
4.3.6. Crop Constraints
Under the crop constraints maximum acreage of some minor crops 
have been introduced. This has been done on the basis of the traditional 
use of land in minor crops. The farmers of the study area put very 
limited area under the minor crops like pulse, oilseed and potato 
(Appendix D). It has already been discussed in Chapter 1 that due to 
shortage of food supply in Bangladesh most of the farm area is put 
under rice cultivation and it will continue to be the major crop for 
years to come. Before tubewell irrigation potato was grown in a little 
area which varies from .05 in small group to 0.10 acres in both medium 
and large group and its growing was dependent on sub-soil moisture and 
little irrigation by hand wherever possible. Maximum acreage restriction 
introduced for potato without irrigation is 0.05 acres in small group and 
0.10 acres in each of medium and large group. Maximum restriction for 
pulse and oil seeds introduced in the matrix are 0.50 acres in small 
size, 1 acre in medium size and 1 acre in large size group in both 
situations without and with irrigation. Additional restriction in 
acreage for improved Boro rice and HYV Aman rice (5 acres each) has also 
been introduced with irrigation situation in the medium and large 
groups on the basis of the estimated capacity of the shallow tubewell as 
discussed in Chapter 2. As in dry season it is estimated that one shallow 
tubewell can irrigate 5 acres of Boro rice (improved) and provide 
supplementary irrigation to one acre potato, the maximum acreage of potato 
has been kept in the matrix to be one acre in both medium and large size 
group. This restriction is not kept in small size group as the farm size 
is of only 5 acres.
4.4 Activities
The activities included in the matrix are the various crops grown, 
human labour hiring, bullock labour hiring and the production loan 
(repayment with interest). Each crop activity has a certain gross 
margin which has been calculated on per acre basis by subtracting the
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variable cost from the value of production (Table 4.3 and Appendix II).
The cost of hiring one unit of human labour (Tk. 8) and of bullock 
labour (Tk. 15) has been inserted with the respective activity. Under 
the production credit activity repayment amount of one unit of production 
loan (principal and interest) has been included. The interest rate of 
production loan of the Agriculture Bank is 11.5 per cent.
4.5 Input - Output Matrix
The example of input output matrix including all activities, constraints, 
resource supplies etc of both without and with STW irrigation is attached 
in Appendix 1. The matrix of the small size group contains 24 constraints 
and 11 activities in without irrigation situation (without STW) and 
26 constraints and 19 activities in with irrigation situation (with STW).
The input output matrix in both medium and large group has dimensions of 
24 X 14 without irrigation and 29 x 20 with irrigation.
The total gross margin (TGM) in any plan is the result after the 
deduction of variable material cost, costs of hired human labour, hired 
bullock labour and the repayment of production loan (principal and interest) 
from the value of production of crops. The results of the linear 
programming are discussing in the next chapter under two situations - one 
without shallow tubewell and the other with shallow tubewell irrigation 
in each of the three farm sizes. The parametric programming is also 
used by relaxing the resource supplies which are found to be binding to 
investigate their impact on optimum solution.
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CHARTER 5
LINCAR PROGRAMMING SOLUTIONS
In the previous chapter we have discussed the linear programming model 
and the input output matrix used in this study. This chapter deals with 
the linear programming solutions. The optimal solution without shallow 
tubewcll is compared with the optimal solutions with shallow tubewell 
irrigation. The linear programming results are also compared with the 
farming performances followed in both situations without irrigation and 
with irrigation. An attempt is also made to investigate the effects of 
relaxing some of the binding constraints sush as cash supply (working 
capital) without irrigation and production credit supply with irrigation 
on total gross margins and cropping patterms in all farm sizes.
5.1 THE BASIC SOLUTIONS
5.1.1 Total Gross Margin and Cropping Pattern
Tables 5.1, 5.2 and 5.3 show the optimal solutions without shallow 
tubewell and with shallow tubewell irrigation of the three farm sizes. In 
all the size groups it is found that although in the optimum plans without 
irrigation cropping intensity increases considerably it does not bring 
much increase in the total gross margin compared to the irrigated situation. 
This is mainly due to the IIYV Aman rice and Boro (improved) rice which 
are grown with irrigation water after the introduction of shallow tubewell.
In all optimum plans with irrigation cropping intensity goes to 200 per 
cent which is the ceiling limit applied. Jute does not appear in any of 
the optimal solutions. This shows that Aus rice which competes directly 
with the same resources is relatively more profitable and feasible compared 
to jute under present resource supplies and constraints.
In the small group (Table 5.1) without tubewell irrigation total 
gross margin increases from Taka 8,982/- in the original plan to Taka 10,1237- 
in the optimum plan. Cropping intensity increases from 158 per cent to 
194 per cent. The total gross margin in the optimum plan of this group 
with irrigation is Tk 16,222.53 compared to the TGM of Tk 13,792.78 in the 
existing plan. This leads to an increase of Tk 2,429.75 or 17.6 per cent.
An increase of about 60 per cent in the optimum TGM with tubewcll is found 
over the optimum TGM without tubewell. This signifies the positive impact 
of irrigation on TGM. One of the major changes in the cropping pattern 
after irrigation is found in acreage of IIYV Aman which is increased from
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1.10 a c r e s  in  t h e  e x i s t i n g  p lan  t o  4 .49  a c r e s  in th e  optimum p la n .  Th is  
l e a d s  t o  an i n c r e a s e  o f  308 per  c e n t .  P o ta to  goes up from 0 .15  a c r e s  
to  0.28  a c r e s ,  an i n c r e a s e  o f  about  87 per  c e n t .  As th e  h a r v e s t i n g  of  
improved Boro r i c e  o v e r l a p s  w i th  t h e  growing season  o f  Aus r i c e ,  t h e  
i n c r e a s e  in  ac re a g e  in  any o f  th e  two c rops  le ad s  to  t h e  d e c r e a s e  in  
t h e  o t h e r .  The major p e r c e n ta g e  o f  th e  t o t a l  cropped a r e a  a f t e r  
i r r i g a t i o n  in  the  optimum p la n  goes under HYV Aman r i c e  which comes from 
t h e  a r e a  o f  th e  l o c a l  t r a n s p l a n t e d  Aman r i c e .  HYV Aman and improved Boro 
t o g e t h e r  c o n s t i t u t e  72 .5  per  cen t  of  th e  t o t a l  cropped a r e a  in  th e  
optimum p la n  compared t o  48 .4  per  c e n t  in  th e  e x i s t i n g  p la n .  Without 
sha l low tubew el l  (w i thou t  i r r i g a t i o n )  t h e s e  crops  were not  in t ro d u ced  
due to  l ack  o f  i r r i g a t i o n  w a te r .  Among th e  minor c ro p s ,  o i l  seed (mustard)  
comes in t o  t h e  p l a n .
In th e  medium s i z e  group (Table 5 .2 )  t h e  t o t a l  g ro s s  margin w i thou t  
tubew el l  i r r i g a t i o n  i n c r e a s e s  by Tk 3 , 1 1 8 / -  in  t h e  optimum p la n .  With 
tubew el l  i r r i g a t i o n  t h e  t o t a l  g ro s s  margin  in  t h e  optimum p la n  i s  
Tk 2 3 ,259 / -  compared t o  Tk 2 1 ,9 2 3 / -  in  t h e  e x i s t i n g  p la n ,*  an i n c r e a s e  
o f  Tk 1,336 (6 pe r  c e n t ) .  When t h i s  i s  compared with  t h e  optimum p lan  
w i thou t  i r r i g a t i o n ,  an i n c r e a s e  by Tk. 6522 (39 per  c e n t )  i s  found.  With 
optimal  a l l o c a t i o n  o f  the  r e s o u r c e s  c ropp ing  i n t e n s i t y  w i thou t  STW 
i r r i g a t i o n  i n c r e a s e s  from 139 pe r  c e n t  t o  190 per  c e n t  which goes to  
200 per  ce n t  with  i r r i g a t i o n .
In th e  l a r g e  s i z e  group (Table 5 .3)  s imple a l l o c a t i o n  o f  th e  
e x i s t i n g  r e s o u r c e s  w i thou t  tu b e w e l l  i r r i g a t i o n  i n c r e a s e s  th e  t o t a l  g ro s s  
margin from Tk 16,652 to  Tk 22,085,  an i n c r e a s e  by about  33 pe r  ce n t  over 
t h e  o r i g i n a l  p l a n .  The t o t a l  g ro s s  margin  in  th e  optimum p la n  with  th e  
sha llow tubew el l  in  t h i s  group appea rs  to  be Tk 29 ,846 .49  compared to  
Tk 25,619 in  t h e  e x i s t i n g  crop  p la n  with  t h e  t u b e w e l l .  This  l e ad s  to  
an i n c r e a s e  in  TGM by about  17 pe r  c e n t .  In t h i s  group t h e  t o t a l  g ro s s  
margin y i e l d i n g  from t h e  optimum p la n  with  i r r i g a t i o n ,  i n c r e a s e s  by 
35 per  ce n t  compared t o  t h e  optimum TGM w i thou t  i r r i g a t i o n .  The a re a  
under HYV Aman in  t h e  op t imal  s o l u t i o n s  with  i r r i g a t i o n  in medium and 
l a r g e  groups a r e  4 .85  and 5 a c r e s  r e s p e c t i v e l y ,  which comes from th e  
a r e a  o f  lo c a l  T. Aman. In th e  medium group p o t a t o  does  no t  appear  in  
t h e  optimum p la n  whereas in  t h e  l a r g e  farm group i t  appea rs  in  0 .23  a c r e s .  
In the  medium s i z e  HYV Aman and improved Boro (both i r r i g a t e d  c rops )  
t o g e t h e r  c o n s t i t u t e  8 .3  a c r e s  in  th e  optimum p la n  compared to  5.7 a c r e s  
in t h e  e x i s t i n g  p l a n .  In t h e  l a r g e  s i z e ,  th e  a rea  under t h e s e  c rops  
appea rs  to  be 9 a c r e s  compared to  6 .9  a c r e s  in t h e  e x i s t i n g  p l a n .  The
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major implication of this analysis is that; the potentiality to increase 
the total gross margin exists in all farm sizes with irrigation water.
This potential to increase the total gross margin with irrigation is 
60 per cent in the small size, 39 per cent in the medium size and 35 
per cent in the large size, compared to their respective optimum TGM 
without irrigation. The increase in the total gross margin with 
irrigation is associated with both increased cropping intensity and 
shifts in the cropping pattern toward high yielding varieties of rice.
Pood grain production also increases considerably with irrigation 
in all size groups (Table 5.4). In percentage terms, production of 
food grain increases in the optimum plans without irrigation by 19.6 
per cent in the small, 32.5 per cent in the medium, and 47.8 per cent 
in the large groups, compared to their respective original plans. But 
with irrigation, in the optimum plans, it increases by about 128 per 
cent, 116 per cent and 119 per cent compared to their respective 
original plans without irrigation. Compared to the food grain production 
in the optimum plans without irrigation, 91 per cent, 63 per cent and 
48 per cent higher yields are observed in the optimum plans with irrigation 
of Small, medium and large groups respectively.
5.1.2 Human Labour Use
Table 5.5 shows the number of human labour use in man days both 
without irrigation and with irrigated situation. In the small size 
group the optimal total labour use without tubewell is 579 man days of 
which 495 man days are family labour, compared with the original labour 
use (labour used for production by the farmer without irrigation) of 
501.5 man days, of which 451.5 man days are family labour. The optimal 
labour use with tubewell irrigation is 796 man days of which 742 man 
days are family labour, compared with the existing labour use of 719.50 
man days of which 683.5 man days (83 per cent) are family labour.1
Existing labour use refers to the labour used by the farmer in the 
existing cropping pattern with STW irrigation. Irrigation has made 
it possible to increase the use of family labour in the small group 
from 55 per cent (451.5 man days) to 83 per cent (683.5 man days) 
in the existing plan.
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Table 5.4
POOD GRAIN PRODUCTION IN SMALL, 
MEDIUM AND LARGE GROUPS
(Figure in Maunds)
Farm
Size
Food Grain Production In
Original Plan 
Without 
Irrigation
Optimum Plan 
Without 
Irrigation
Existing Plan 
With
Irrigation
Optimum Plan 
With
Irrigation
Smal 1 137.60 164.52 273.58 314.42
Medium 212.04 281.00 410.90 458.01
Large 298.45 441.02 520.90 652.99
Note: One Maund = 82 pounds
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Table 5. 5
LABOUR USE IN DIFFERENT FARM SIZES
Farm Size
Labour Use (Man Days)
Family Hired Total
1. SMALL SIZE
a. Without STW Irrigation
Original Plan 451.5 50.0 501.5
Optimum Plan 495.0 84.0 579.0
b. With STW Irrigation
Existing Plan 683.5 36.0 719.5
Optimum Plan 742.0 54.0 796.0
2. MEDIUM SIZE
a. Without STW Irrigation
Original Plan 632.0 144.0 776.0
Optimum Plan 735.0 262.0 997.0
b. With STW Irrigation
Existing Plan 999.0 181.0 1180.0
Optimum Plan 1004.0 253.0 1257.0
3. LARGE SIZE
a. Without STW Irrigation
Original Plan 704.0 410.0 1114.0
Optimum Plan 848.0 756.5 1604.5
b. With STW Irrigation
Existing Plan 1045.0 544.0 1589.0
Optimum Plan 1085.0 878.0 1963.0
Note: Family labour available in the small size is 819 man days
and in each of both the medium and large size is 1092 man days.
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Another interesting observation is that without irrigation in the optimal 
solution about 60 per cent of the family labour is used, whereas with 
irrigation the use of family labour is about 91 per cent. This means 
that with irrigation, optimal allocation of resources increases the 
family labour use by 1.5 times. Only 9 per cent of the family labour 
which remains unused with irrigation in the process of production may be 
engaged in off-farm employment.
In the medium size the percentage of family labour use in the 
optimal solutions increases from about 67 per cent (735 man days) without 
irrigation to about 92 per cent (1004 man days) with irrigation. In the 
optimal solutions of the large group about 78 per cent of the family 
labour is used without irrigation whereas about 99 per cent of the family 
labour is used with tubewell irrigation.
It is clear from the analysis that in the optimal solutions of all 
farm sizes, most of the family labour is used with the introduction of 
tubewell irrigation. This signifies that the underemployment situation 
prevailing in the study area can be improved by allocating the available 
resources optimally with the tubewell irrigation. As the number of 
hired labours also increases in the optimal solutions with tubewell, 
more employment opportunities for the landless labourers of the area 
will be created.
5.1.3 Shadow Prices of the Excluded Activities
Shadow prices of the excluded activities are shown in Table 5.6 and 
Table 5.7. The shadow price of a particular activity in the Tables 
represents the amount which will be reduced from the total gross margin 
(objective function) when one unit of that activity is forced to come 
into the plan. For example, if jute is forced to come into the plan by 
one acre in the small farm size with irrigation the total gross margin 
will be reduced by Tk 31.21 (Table 5.7).
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Tab Jo 5. 6
SHADOW PR I CHS 0I? EXCLUDED ACTIVITIES IN TIIG OPTIMAL SOLUTION 
WITHOUT SHALLOW TUBEWELL IRRIGATION
(Taka)
Code Particulars Small
Size
Medium
Size
Large
Size
X2 Jute 32.69 32.69 105.08
X4 Potato 2726.33 2878.62 1746.21
X5 Pulse 15.21 100.92 69.71
X7 Labour Hiring 
in Period 1 - 8.00 -
X8 Labour Hiring 
in Period 2 - 8.00 -
Xll Labour Hiring 
in Period 5 - 8.00 -
X9 Labour Hiring 
in Period 6 0.29 - -
Note: For details of the period see Table 4.1
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Table 5. 7
SHADOW PR 1 Cl IS OP EXCLUDED ACTIVITIES IN THE OPTIMAL SOLUTION 
WITH SHALLOW TUBEWELL IRRIGATION
Particulars Small Medium Large
Crops
Jute 31.21 163.44 142.11
Transplanted Aman 
(Local) 58.95 - -
Potato - 70.93 -
Pulse 65.77 31.83 25.78
Labour Hiring
Labour Hiring 
in Period 1 8.00
Labour Hiring 
in Period 2 8.00 - -
Labour Hiring 
in Period 3 4.24 - -
Labour Hiring 
in Period 5 0.96 3.79 -
Labour Hiring 
in Period 7 8.00 8.00 8.00
Labour Hiring 
in Period 8 8.00 8.00 2.59
Bullock Hiring 
Period 1 15.00 - -
Period 7 - 15.00 15.00
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5.14 Marginal Value Products
Table 5.8 and Table 5.9 give marginal value products of scarce 
resources. The MVP (shadow price) of a particular factor represents the 
amount which will be increased in the objective function (here TGM) if 
one unit of that factor is added. For example, the MVP of land for 
Period 6 in the large farm size without irrigation is Tk 104.65 (Table 5.8) 
which means if one unit (acre) of land for Period 6 is increased, the 
total gross margin will step up by Tk 104.65. Similarly an increase in 
the available labour by one man day in Period 3 in the small group 
without irrigation will increase the TGM of this group by Tk 8/-.
The MVP, i.e. shadow prices, of the resources fully used provide some 
idea about the possibility of further increasing the total gross margin. 
Although the MVPs of land resource are higher than the MVPs of other 
resources the amount of land available for farming cannot be increased 
unless the farmer extends the area of the farm by outright purchasing.
In both the Tables MVP of human labour resources for different periods 
are mostly Tk 8.00 and that of bullock labour is Tk 15.00. Labour can 
be hired after using the family labour resource in the peak period if 
it is found profitable, provided cash is available.
The MVP of cash (working capital) in the small size without irrigation 
is Tk 5.29 which means if one additional Taka is available it will increase 
the total gross margin by Tk 5.29. The MVP of production credit in the 
small group with irrigation (Table 5.9) means that if one additional unit 
(one Taka) of production credit is available it will increase the total 
gross margin by Tk 0.66 after repaying Tk 1.115 (principal and interest).'*' 
The MVP of production credit with irrigation in the medium size is higher 
than that of the small and large sizes which means one additional unit 
of production loan will be more profitable in the medium size than the 
other two sizes.
5.2 PARAMETRIC ANALYSIS
Parametric analysis is done by relaxing the cash (working capital 
without irrigation and production credit with irrigation in order to 
investigate their effects on total gross margins and cropping patterns.
The relaxation of cash and production credit is done by incorporating 
Lamda = 1.0. This gives a set of optimum planes in each farm size under 
different Lamda values which are presented in Table 5.10 and Table 5.11.
1 Rate of interest of loan is 11.5 per cent.
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Table 5.8
MARGINAL VALUE PRODUCT OF SCARCE 
RESOURCES WITHOUT STW IRRIGATION
(Taka)
Particulars Optimum Plans
of Constraints Small Medium Large
LAND (per acre) _ _ -
Period 6 (early Nov. to end December) - 15.08 104.65
HUMAN LABOUR (per day)
Period 1 (mid May to mid April) - - 8.00
Period 2 (mid April to end May) - - 8.00
Period 3 (mid June to early July) 8.00 8.00 8.00
Period 4 (early July to mid August) 8.00 8.00 8.00
Period 5 (mid Sept, to early Nov.) - - 8.00
Period 6 (early Nov. to end Dec.) 7.71 8.00 8.00
BULLOCK POWER (per day)
Period 1 15.00 15.00 15.00
Period 4 15.00 15.00 15.00
CASH (working capital) 5.29 5.29 3.77
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Tab 1 e 5.9
MARGINAL VALUE PRODUCT OF SCARCE RESOURCES 
WITH SHALLOW TUBEWELL IRRIGATION
Particulars
Optimum Plans
Small Medium Large
LAND (per acre)
Period 1 730.01 - 222.16
Period 2 - 318.27 -
Period 6 465.86 402.09 232.98
HUMAN LABOUR (per man day)
Period 1 - - 8.00
Period 2 - 8.00 8.00
Period 3 3.76 8.00 8.00
Period 4 8.00 8.00 8.00
Period 5 7.037 4.21 8.00
Period 6 8.00 8.00 8.00
Period 8 - - 5.41
BULLOCK LABOUR (per day)
Period 1 - 15.00 15.00
Period 4 15.00 15.00 15.00
Period 7 15.00 - -
CASH 1.78 1.98 1.92
BORROWING (production credit) 0.66 0.87 0.80
Note: For details of the periods see Table 4.1
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Tabic 5.10
EFFECTS OF RELAXING WORKING CAPITAL ON TGM AND 
OPTIMUM PLAN WITHOUT IRRIGATION
SMALL SIZE
Optimum Plans
particulars
Plan l1 2 Plan 2 Plan 3 Plan 4 Plan 5 Plan 6
TGM (Tk.) 10,123.30 10,282,07 10,347.50 10,366.50 10,449.80 10,494.30
Working 
Capital (Tk.) 1,300.00 1,330.00 1,342.50 1,347.50 1,389.00 1,416.50
Crops (Acres)
Aus 4.77 5.00 5.00 5.00 5.00 5.00
T . Aman 4.41 4.41 4.50 4.50 4.45 4.95
Potato - - - - 0.05 0.05
Pulse - - - 0.50 0.50 -
Oil Sbed ~ 0.50 0.50 0.50 - - -
MVP of W.C. 5.29 5.23 3.80 2.00 1.62 -
MEDIUM SIZE
TGM (Tk.) 16,737.29 17,259.47 17,338.40 17,486.40 17,637.80
Working 
Capital (Tk.) 2,200.00 2,298.67 2,316.00 2,376.00 2,459.00
Crops (Acres)
Aus 7.93 8.67 8.80 8.80 8.80
T . Aman 7.80 7.80 7.80 8.80 8.70
Potato - - - - 0.10
Pulse - - - - -
Oil S5ed 1.00 1.00 1.00 - -
MVP of W.C. 5.29 4.55 2.47 1.82 -
LARGE SIZE
TGM (Tk.) 22,084.79 23,059.55 23,205.45
Working
Capital 3,200.00 3,458.50 3,543.50
Crops (Acres)
Aus 12.15 14.30 14.30
T . Aman 13.30 13.30 13.20
Potato - - 0.10
Pulse - - -
Oil Seed 1.00 1.00 1.00
MVP of W.C. 3.77 1.72 -
1 Plan 1 is the original optimum plan
2 MVP. of W.C. = Marginal value product of working capital
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Relaxing the  cash wi thou t  i r r i g a t i o n  b r in g s  6 optimum p la n s  in  
the  small  s i z e ,  5 optimum p la n s  in the  medium s i z e  and 3 optimum p la ns  
in the  l a rg e  s i z e  (Table 5 .1 0 ) .  The r e s p e c t i v e  number o f  p la n s  w i th  
i r r i g a t i o n  a f t e r  r e l a x i n g  th e  p ro d u c t io n  c r e d i t  in  th e  s m a l l ,  medium and 
l a rg e  s i z e s  a re  5, 7, and 5 (Table 5 .1 1 ) .  Each p la n  i s  b e s t  in  i t s  own 
cash ( in  the case  w i thou t  STW) and p ro d u c t io n  c r e d i t  ( in  th e  case with  
STW) a v a i l a b i l i t y  o th e r  c o n d i t io n s  and r e s o u r c e s  remain ing  th e  same.
For example,  in  Plan 3 o f  t h e  small  s i z e ,  w i th o u t  STW i r r i g a t i o n ,  t o t a l  
gross  margin becomes Tk 10,347.50  i f  Tk 1 ,342.50  cash as working c a p i t a l  
i s  a v a i l a b l e ,  o t h e r  r e s o u rc e s  remaining the  same (Table  5 . 1 0 ) .  The 
va lues  o f  shadow p r i c e s  (MVP) o f  working c a p i t a l  (Table 5 .10)  and 
p roduc t ion  c r e d i t  (Table 5.11) dec rease  as th e  a v a i l a b l e  working c a p i t a l  
w i thou t  i r r i g a t i o n  and p ro d u c t io n  c r e d i t  a f t e r  i r r i g a t i o n  i n c r e a s e s .
The maximum amount o f  cash as working c a p i t a l  which i s  used in  th e  smal l  
group w i thou t  i r r i g a t i o n  i s  Tk 1 ,416.50 .  This le ads  to  an i n c r e a s e  by 
Tk 116.50 over the  cash requ irement o f  the  f i r s t  p la n  ( o r i g i n a l  optimum 
p l a n ) .  A d d i t i o n a l  cash beyond t h i s  l i m i t ,  i f  i n t r o d u c e d ,  w i l l  remain 
i d l e  and w i l l  no t  b r in g  any change in  the  t o t a l  g ro s s  margin.  Maximum 
cash (working c a p i t a l )  ab s o rp t io n  c a p a c i t y  i s  Tk 2 ,4 5 9 .0 0  in  th e  medium 
s i z e  and Tk 3 ,543.50  in the  la rg e  s i z e  farm. The r e s p e c t i v e  a d d i t i o n a l  
cash requ i rem en ts  a re  Tk 259.00 and Tk 343.50.  The maximum amount o f  
cash leads  to  an i n c r e a s e  in  TGM from Plan 1 ( o r i g i n a l  optimum p lan)  
by Tk 371.00,  Tk 900.51 and Tk 1 ,120 .66  in the  s m a l l ,  medium, and l a rg e  
s i z e s  r e s p e c t i v e l y .  A d d i t io n a l  i n c r e a s e  in  the  t o t a l  g ross  margin a f t e r  
th e  use o f  maximum cash l i m i t  i s  no t  p o s s i b l e  u n l e s s  some improvement in 
farming i s  made by in t r o d u c in g  i r r i g a t i o n ,  h igh  y i e l d i n g  v a r i e t i e s ,  e t c .  
In a l l  farm s i z e s  w i th  maximum working c a p i t a l  w i th o u t  i r r i g a t i o n ,  
cropp ing  i n t e n s i t y  would be 200 p e r  cent  which i s  a l s o  t h e  c e i l i n g  l i m i t  
a p p l ied .
With tubewel l  i r r i g a t i o n  only p ro d u c t io n  c r e d i t  l i m i t  i s  r e l a x e d  
as the  maximum cash a v a i l a b l e  from the  farmers own s ou rces  has a l r e a d y  
been in t ro d u ced  in  the  b a s i c  s o l u t i o n .  In the  sm al l  s i z e  w i th  tubew el l  
i r r i g a t i o n  p ro d u c t io n  c r e d i t  i n c r e a s e s  from Tk 2 ,500  to  Tk 3 ,563 .16  which 
i s  the  maximum c r e d i t  a b s o rp t io n  c a p a c i t y  o f  t h i s  farm s i z e  (Table 5 . 1 1 ) ,  
the a d d i t i o n a l  p ro d u c t io n  c r e d i t  requ i rement  be ing  Tk 1 ,063 .16 .  A f t e r  
repayment o f  the  maximum p roduc t ion  loan with, i n t e r e s t  the  t o t a l  gross  
margin i n c r e a s e s  by Tk 402.00.  In pe rc e n ta g e  terms t h i s  i n c r e a s e  w i l l
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be 37.8 per cent after repayment of Tk 111.5 (principal and interest).^
Any further increase in the production credit beyond Tk 3,568.16 will 
not increase the TGM, rather the excess amount of credit will remain 
idle and will reduce the TGM by the amount of interest charged on it.
In the cropping pattern with maximum credit in this farm size oil seed 
disappears from the plan whereas acreage under potato increases from 
0.28 to 1.75 which in turn reduces the area under HYV Aman from 4.49 
acres to 3.25 acres.
The maximum additional production credit requirement for the medium 
and large farm sizes (in the last plan, Table 5.11) are Tk 1,935.30 and 
Tk 1,506.80 respectively, the respective additional increase in TGM 
being Tk 1,026.24 and Tk 732.68 after repayment of the loan with interest. 
In percentage terms the increase will be by 53.03 per cent in the medium 
size and 48.82 per cent in the large size after repayment of the loan with 
interest. Some changes are also found in the cropping pattern with 
different levels of production credit, details of which are shown in 
Table 5.11.
The analysis also indicates that at maximum production credit with 
irrigation, total labour requirement further increases in all farm sizes, 
(Table 5.12).
It is already mentioned that maximum production credit available 
from the Agriculture Bank to a shallow tubewell farmer is Tk 2,500/-.
In order to achieve the maximum TGM, the additional production credit 
may be obtained from other institutional sources such as commercial Banks, 
if such arrangements are made. Alternatively, the Agriculture Bank may 
further relax its production loan restriction for the tubewell farmers.
It is observed that in the basic solution jute has not come into 
the plan as Aus rice is found to be more profitable under the existing 
resources and price. In order to bring jute into the plan, the prices 
of jute should be maintained sufficiently high so that its competitive 
position with rice does not deteriorate. An analysis is also done by 
raising the price of jute, other things remaining the same in the small 
group. The result suggests that in the small size, if the price of jute 
is raised to Tk 82.00 per maund it becomes more profitable compared to 
Aus and comes into the plan replacing Aus rice.
It means that if an additional loan of Tk 100/- is avaialble the 
total gross margin in the last plan of the small size will increase
by Tk 149.30 without repayment. After the repayment of the loan (with 
interest) of Raka 111.50 the increase in TGM will be of Tk 37.80.
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Table 5.12
EFFECT OF MAXIMUM PRODUCTION CREDIT 
ON THE AMOUNT OF LABOUR USE 
(WITH IRRIGATION)
(Man Days)
Farm
Labour Requirement 
at Maximum 
Production Credit
Total Labour 
Requirement at 
Limited Pr. Credit
Increase in Total 
Labour Use
Size Family Hired Total
Smal 1 748 79 827 796 31
Medium 1038 328 1366 1257 109
Large 1092 964 2056 1963 93
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CHAPTER 6 
CONCLUSIONS
In the present study financial analysis and linear programming 
techniques have been used to investigate the impact of small scale 
irrigation preferably on cropping pattern, farm income, resource allocation 
and economics of enterprise combination. Among the small scale 
irrigations available in Bangladesh only irrigation through shallow 
tubewell has been selected for this study owing to the lack of data 
and limitation of time (discussed in Chapter 1).
In the financial analysis, data related to pre-irrigation and post­
irrigation have been used in order to measure the direct cost and 
benefit streams through time of two farming systems - one with irrigation 
and the other without irrigation. The difference of these two systems 
have been attributed to irrigation. The criteria used for financial 
analysis in the study for each of the three farm sizes are the internal 
financial rate of return, the net present values, the benefit/cost ratio 
and the pay back period. The results of the analysis have been found to 
be encouraging with tubewell irrigation. High rate of return and positive 
net present values are found in all farm sizes as a result of both 
increased cropping intensity and shifts in the cropping pattern toward 
the high yielding varieties of rice in Aman season and addition of an 
extra improved Boro rice in the dry season. The rate of financial 
return in small farm size is 44 per cent whereas in both medium and 
large size it is over 50 per cent. Benefit cost ratio at 12 per cent 
discount rate are 1.20, 1.31 and 1.34 in small, medium and large 
groups respectively. The rate of return is high because of the low 
cost of investment for each tubewell and because the farmer benefits 
from the well just after its installation introducing the high yielding 
varieties of rice. Although the rate of return, net present values and 
benefit cost/ratio increase with the increase in farm sizes, the small 
group of 5 acres is also found to be financially sound and credit worthy. 
Sensitivity analysis also indicates the soundness of the shallow tubewell 
project for all the three farm sizes (Table 3.4). Even at 10 per cent 
increase in all costs other things remaining the same brings in 16 per cent
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rate of return in ease of small group which is higher than the opportunity 
cost of capital. So the results of the criteria used in the analysis 
suggest that the shallow tubewell irrigation is financially sound and 
feasible in the study area and the project can be expanded in other 
similar areas of Bangladesh where well acquifer exists and where surface 
water for irrigation is not available. Investment on shallow tubewell 
may also be made in a group of small farms if it possesses at least 5 acres 
in a compact block.
The linear programming technique has been applied to investigate 
the impact of tubewell irrigation on the optimal allocation of the 
existing resources and economics of enterprise combination. The results 
of the linear programming should be used with great caution. As in the 
analysis cross sectional data are used the input output and price 
figures may need to be changed according to the changes in price and 
technology overtime. The programming approach can provide useful 
guidance for better resource allocation in farm planning. The present 
study on L.P. serves mainly to show the usefulness of the technique.
The foregoing analysis in Chapter 5 suggests that although the 
total gross margin with optimal allocation of resources without irrigation 
increases considerably in all farm sizes compared to their respective 
original plan, with tubewell irrigation the optimal TGM augmented 
further. Compared to the optimal solution without irrigation, optimal 
solution with irrigation brings an increase in TGM by about 60 per cent 
in small size, 39 per cent in medium size and 35 per cent in large size.
TGM with irrigation increases mainly as a result of increased cropping 
intensity and introduction of high yielding irrigated rice crops which 
are found to be more profitable (under existing resources and constraints) 
compared to the local varieties. Significant increase in optimum TGMs with 
tubewell irrigation are also found in all the three farm sizes compared to 
their existing TGMs with irrigation (Tables 5.1 - 5.3).
With irrigation, food grain production in the optimum plans in all 
farm sizes increases considerably compared to the existing plans. Optimum 
plans, with irrigation, increases the food grain production by 91 per cent 
in small, 63 per cent in medium and 48 per cent in large farm sizes compared 
to their respective optimum plans without irrigation.
The total labour absorption capacity in the process of production 
increases considerably with the optimal allocation of the resources with 
tubewell irrigation. More than 90 per cent of the family labours are used
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in the optimal solution with Irrigation. The incremental total labour 
requirement for optimum irrigated crop plans in small, medium, and large 
farm sizes are 37.5 per cent, 26 per cent and 22.3 per cent respectively 
over that for optimum non-irrigated plans. This analysis suggests that 
underemployment and unemployment prevailing in the study area can be greatly 
reduced with tubewell irrigation. Parametric solution by relaxing the 
binding constraint of production credit with irrigation suggests that the 
total gross margin can be increased further if more production credit is 
made available (Table 5.11). Total labour requirement will also increase 
with the maximum absorption of credit which will further alleviate the 
unemployment problem (Table 5.12).
Suggestions for Further Study:
Very little studies so far undertaken couple of years back (mentioned 
in Section 3.1 of Chapter 3) indicate that the private shallow tubewell 
has distinct advantage over the government managed deep tubewell and power 
pump so far as the rate of return and efficient management is concerned.
Further study may be undertaken with recent information to compare 
the rate of return from privately managed shallow tubewells with alternative 
investment proposals for irrigation such as government managed low lift 
pump and deep tubewell.
Further programming analysis may be done by collecting better quality 
primary data regarding input, output, price structure, water resources 
livestock enterprise etc. to investigate the impact of irrigation through 
optimal allocation of resources not only on crop plan but also on mized 
farming.
Policy Implications:
As the topography, soil, underground water resource and climatic 
conditions of the study area are almost similar to other north-west areas 
of Bangladesh, the results of the present financial analysis suggest 
that the irrigation facilities through shallow tubewell may be expanded 
to these areas keeping the recommended minimum spacing between each 
tubewell.
The present programming analysis suggests that the potentiality to 
increase the total gross margin with irrigation exists in all farm sizes 
through the optimal allocation of the existing resources. The analysis 
also indicates that optimal plan with irrigation generates more labour 
employment than the existing farm plan.
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The r e s u l t s  o f  the  programming approach in  the  p r e s e n t  s tudy  can 
a l s o  se rve  to  p i n p o i n t  a rea s  on which r e s e a r c h e r s  might  c o n c e n t r a t e  t h e i r  
e f f o r t s  to  i n c r e a s e  a g r i c u l t u r a l  o u tpu t .  For example,  w i th  the  
a v a i l a b i l i t y  o f  i r r i g a t i o n  w a te r  and high y i e l d i n g  v a r i e t i e s  o f  c ro p s ,  
optimum p la n  a t  farm le v e l  w i l l  be dependent  upon the  ad ju s tm en t  on th e  
cropping  c a l e n d a r ,  management o f  the  a g r i c u l t u r a l  r e s o u r c e s ,  u t i l i s a t i o n  
o f  p ro d u c t io n  c r e d i t  and so on.
Marketing f a c i l i t i e s  w ith in  the count ry  w i l l  have t o  be developed 
along  with  the  expansion o f  i r r i g a t i o n  system.  A g r i c u l t u r e  Bank may 
f u r t h e r  r e l a x  i s  p ro d u c t io n  c r e d i t  l i m i t  f o r  t h e  sha l low  tubew el l  f a rm ers .
In o rd e r  t o  ach ieve  the  f u l l  b e n e f i t s  o f  i r r i g a t i o n  i t  w i l l  be 
n e c e s s a ry  to  gea r  up th e  ex ten s io n  and r e s e a r c h  a c t i v i t i e s  w i l l  p ro p e r  
t r a i n i n g  in  a id in g  ad jus tment  o f  the  r e s o u r c e s  in  fa rming.  I t  w i l l  a l s o  
be ne c e ss a ry  to  s t r e n g t h e n  the  p r e s e n t  l in k ag e  o f  in p u t  s e r v i c e s  and 
s u p p l i e s  w ith  tubew el l  i r r i g a t i o n  and p r o d u c t io n  c r e d i t .
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APPENDIX A
CROPPING PATTERN OP BANGLADESH
Year/
Crops
Average  ^
1960-61 to 
196-1-65 
(1,000 acres)
Per Cent 
of Total 
Cropped Area
1970-71 2 
(1,000 acres)
Per Cent 
of Total 
Cropped Area
Aus Rice 6,319.2 7,885.0
Aman Rice 14,518.5 14,184.3
Boro Rice 1,041.5 2,425.6
Total Rice 21,879.2 77.8 24,494.9 77.7
Jute 1,732.3 6.2 2,200.0 7.0
Pulses 934.0 3.3 920.0 2.9
Oil Seeds 805.0 3.0 826.0 2.6
Sugarcane 318.0 1.1 404.0 1.3
Other Crops* 2,430.3 8.6 2,685.8 8.5
Total 28,098.8 100.0 31,530.7 100.0
Cropping 
Intensity 
(Per Cent)
131.0 147.0
* Other crops 
tobacco,
include spices, 
tea, etc.
potato, vegetable
Sources: 1 Ahmed, 1972, p. 244.
2 GOPRB, 1974 and GOPRB, 1973
(compiled)
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APPENDIX D(i)
CROPPING PATTERN AND FARM BUDGET BEFORE IRRIGATION 
Farm Size - Small (5 acres)
Area
(Acres)
Total Per Acre Price Value of Cost of
Crops Yield Yield Per Maund Production Production
(Maunds) (Maunds) (Taka) (Taka) (Taka)
Aus 2.60 41.60* 16 75 3,120.00 1,950.00
Jute .30 4.80 16 72 345.60 256.50
T . Aman 
(local) 4.80 96.00* 20 75 7,200.00 4,392.00
Potato 0.05 5.20 104 35 182.00 98.50
Pulse 0.08 0.64 8 110 70.40 36.00
Oil Seed 0.07 0.49 7 120 58.80 31.92
TOTAL 7.90 10,976.80 6,764.92
Cropping intensity = 158 per cent
* Yield of Aus and T. Aman is in paddy, 
i.e. uncleaned rice.
Note:
1 maund = 82 pounds
Taka (Tk.) is the Bangladesh currency 
Here Farm budget means crop budget, i.e., income and 
expenditure of different crops produced in a 
particular year
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APPENDIX D(ii)
CROPPING PATTERN AND FARM BUDGET 
AFTER IRRIGATION
Farm Size - Small (5 acres)
Crop Area(In Acres)
Total
Yield
(In Maunds)
Per Acre 
Yield
(In Maunds)
Value of 
Production 
(Taka)
Cost of 
Production 
(Taka)
Aus* 1.20 19.20 16.00 1,440.00 900.00
Jute 0.30 4.80 16.00 345.60 256.f0
T . Aman 
(Local) 3.00 67.50 22.50 5,062.50 2,745.00
HYV Aman 1.10 39.88 36.25 2,991.00 1,284.80
Potato 0.15 18.00 120.00 630.00 295.50
Pulse 0.15 1.05 7.00 115.50 67.50
Oil Seed 0.10 0.68 6.80 81.60 45.60
Boro 3 50(improved) 147.00 42.00 11,025.00 4,263.00
TOTAL 9.50 21,691.20 9,857.90
Say Tk . 21691/- Tk.9858/-
Cropping intensity = 190%
* Yield o£ Aus, Aman and Boro is in paddy 
i.e. uncleaned rice.
For price per unit sec Appendix D(i)
1 Irrigation cost is not included. This cost 
has been calculated separately under operation 
and maintenance cost which is Tk. 2299/- in one
year.
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APPENDIX D(iii)
CROPPING PATTERN AND FARM BUDGET 
BEFORE IRRIGATION
Farm Size - Medium (8.8 acres)
Crop Area(In Acres)
Total
Yield
(In Maunds)
Per Acre 
Yield
(In Maunds)
Value of 
Production 
(Taka)
Cost of 
Production 
(Taka)
Aus 3.60 57.60 16.00 4,320.00 2,700.00
Jute 0.33 5.28 16.00 380.16 282.15
T . Aman 
(Local) 7.80 154.44 19.80 11,583.00 7,098.00
Potato 0.10 10.00 100.00 350.00 196.50
Pulse 0.18 1.26 7.00 138.60 81.00
Oil Seed 0.22 1.50 6.80 180.00 100.32
TOTAL 12.23 16,951.76 10,457.97
Cropping intensity = 139%
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APPENDIX D(iv)
CROPPING PATTERN AND FARM BUDGET 
AFTER IRRIGATION
Farm Size - Medium (8.8 acres)
Crop Area(In Acres)
Total
Yield
(In Maunds)
Per Acre 
Yield
(In Maunds)
Value of 
Production 
(Taka)
Value of 
Production 
(Taka)
Aus 3.60 57.6 16.00 4,320.00 2,700.00
Jute 0.33 5.28 16.00 380.16 282.15
T . Aman 
(Local) 6.00 132.00 22.00 9,900.00 5,430.00
HYV Aman 1.50 52.50 35.00 3,937.5 1,725.00
Potato 0.30 36.30 121.00 1,270.50 595.50
Pulse 0.20 1.40 7.00 154.00 90.00
Oil Seed 0.30 1.95 6.50 234.00 136.80
Boro
(improved) 4.22 168.80 40.00 12,660.00 5,190.60
TOTAL 16.45 32,856.16 16,150.05
Cropping Intensity = 187%
Note: Operation and Maintenance Cost of
Shallow Tubewell = Tk. 2862.00
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APPENDIX D(v)
CROPPING PATTERN AND FARM BUDGET 
BEFORE IRRIGATION
Farm Size - Large (14.3 acres)
Crop Area(In Acres)
Total
Yield
(In Maunds)
Per Acre 
Yield
(In Maunds)
Value of 
Production 
(Taka)
Cost of 
Production 
(Taka)
Aus 4.30 66.65 15.50 4,998.75 3,182.00
Jute 0.35 5.60 16.00 403.20 297.50
T . Aman 12.20 231.80 19.00 17,385.00 10,919.00
Potato 0.10 10.20 102.00 357.00 197.00
Pulse 0.22 1.54 7.00 169.40 99.00
Oil Seed 0.15 1.00 6.67 120.00 68.40
TOTAL 17.32 23,433.35 14,762.90
Cropping intensity 121%
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APPENDIX D(vi)
CROPPING PATTERN AND FARM BUDGET 
AFTER IRRIGATION
Farm Size - Large (14.3 acres)
Crop Area(In Acres)
Total
Yield
(In Maunds)
Per Acre 
Yield
(In Maunds)
Value of 
Production 
(Taka)
Cost of 
Production 
(Taka)
Aus 4.40 68.20 15.50 5,115.00 3,256.00
Jute 0.35 5.60 16.00 403.20 297.50
T . Aman 
(Local) 9.60 192.00 20.00 14,400.00 8,592.00
IIYV Aman 2.10 73.50 35.00 5,512.50 2,467.50
Potato 0.44 52.80 120.00 1,848.00 871.20
Pulse 0.33 2.31 7.00 254.10 148.50
Oil Seed 0.22 1.43 6.50 171.60 100.32
Boro
(improved) 4.80 187.20 39.00 14,040.00 5,774.40
TOTAL 22.24 41,744.40 21,507.42
Cropping intensity = 156%
Note: Operation and Maintenance Cost of Shallow
Tubewell = Tk. 3306
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APPENDIX E 
(Contd.)
(Taka)
Year AddedBenefit
Present
a j i i Worth ofAdded . , n r ^Added Benefit
L0St at 12% D.F.
Present 
Worth of 
Added Cost 
at 12% D.F.
1 10714 20092 9,567.60 17,942.16
2 10714 5507 8,539.06 4,389.08
3 10714 5628 7,628.37 4,007.14
4 10714 5628 6,814.10 3,579.41
5 12714 5628 7,208.84 3,191.08
39,757.97 33,108.87
NPV = 39, 757,97 - 33,108.87 = 6,649 . 1 0
B/C Ratio 39757 97_ .j / o / .y  _ j 2 033108.87
PAY BACK PERIOD 
Farm Size - Small (5 acres)
YEAR
1 2 3 4 5
Added Benefit 10714 10714 10714 10714 12714
Added Operating 
Cost
5392 5507 5628 5628 5628
Incremental Operating 
Income
5322 5207 5086 5086 7086
Investment Cost 14,700
Unpaid Balance 
of Investment 9,378 4JL71
Pay Back Period = 2.8 years
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APPENDIX F
BORROWER'S CASH FLOW IN 
SMALL GROUP (S acres) (In Taka)
] INFLOW 1 2 3 4 5
ll. Value of Production 21691 21691 21691 21691 23691
22. Loan Receipt:
a. Tubewell loan
b. Production loan
14700
2500
-
- - _
T'TOTAL INFLOW 38891 21691 21691 21691 23691
OIOUTFLOW
11. Investment on STW 14700
2 2 . Operation $
Maintenance Cost 2299 2414 2535 2535 2535
3.3. Production Cost 9858 9858 9858 9858 9858
4.1. Debt Service:
i. Tubewell loan 
repayment -
a. Principal
b. Interest @ 11.5%
3000
1691
3000
1346
3000
1000
3000
655
2700
311
ii. Production loan 
repayment - 
a. Principal
4691
2500
4346 4000 3655 3011
b. Interest 288
2788
TCTOTAL OUTFLOW 34336 16618 16393 16048 15404 TOTAL
CAASH FLOW 4555 5073 5298 5643 8287 28,856
NNet Benefit Foregone 4212 4212 4212 4212 4212 21,060
ItNCREMENTAL CASH FLOW 343 861 1086 1431 4075 7,796
1 • A tubewell farmer can get a production loan for 
meeting part of the expenses of fuel oil, seeds, 
fertilizer, etc.
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APPENDIX G
PERIODWISE SUPPLY OF HUMAN AND BULLOCK LABOUR IN SMALL SIZE GROUP
Period
No.
Length of the 
Period
Human Labour 
AvaLiable 
(man days)
BulloCk Labour 
Available 
(bullock days)
Period 1 Mid March to mid April 
(16 Mar. to 15 Apr.) 39 + 39 = 78 13 + 13 = 26
Period 2 Mid April to end May 
(16 April to 31 May) 39 + 78 = 117 13 + 26 = 39
Period 3 Mid June to early July 
(16 June to 10 July) 39 + 26 = 65 13 + 9 = 22
Period 4 Early July to mid Aug. 
(11 July to 15 August) 52 + 39 = 91 17 + 13 = 30
Period 5 Mid Sept, to early Nov. 
(15 Sept, to 7th Nov.) 39 + 78 + 20=137 13 + 26 + 7 = 46
Period 6 Early Nov. to end Dec. 
(8 Nov. to 31 Dec.) 54 + 78 = 136 19 + 26 + 45
Period 7 January to early Feb. 
(1st Jan. to 7 Feb.) 78 + 20 = 98 2 6 + 7 + 3 3
Period 8 Early Feb. to mid Mar. 
(8 Feb. to 15 Mar) 58 + 39 = 97 -
Note: In one month 26 working days and in one day 8 working hours for
human labour are considered. There are assumed to be three man 
equivalents in family work force and one pair of bullock on the 
farm. For bullock labour 26 working days and 6 working hours 
per day are considered.
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